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P R O C E E D I N G S  
- . - - - - . . - I - - - - - -  

IIALPERT: I would l i k e  t o  welcome you a l l  t o  

Goddard Space F l i g h t  Center  f o r  t h e  1 9 7 1  NASA/Goddard- 

Aerospace Indus t ry  Ba t t e ry  Workshop, devoted p a r t i c u l a r l y  

t o  nickel-cadmium b a t t e r i e s .  

We moved i n t o  t h i s  more i n t i m a t e  room t h i s  y e a r  

because w e  felt a s  though w e  would have a  smal l  r e p r e s e n t a t i o n  

from i n d u s t r y  and government, cons ider ing  t h e  problems i n  

bus iness .  Ins t ead ,  w e  f i n d  t h a t  w e  have more people t h i s  year  

than w e  d i d  l a s t  year .  So t h a t ' s  e i t h e r  an i n d i c a t i o n  t h a t  

we have more problems i n  b a t t e r i e s  o r  more people i n t e r e s t e d  

i n  b a t t e r i e s ,  and probably a combination of  both.  

W e  have s e n t  o u t  a  t e n t a t i v e  agenda, which I ' m  

s u r e  most of you should have received. ' .  1'11 have some addi- 

t i o n a l  cop ies  a  l i t t l e  S i t  l a t e r .  

You may note  t h a t  our  scbzdule i s  very  f l e x i b l e ,  

and t h e  purpose i n  doing t h a t  is t o  spark p a r t i c i p a t i o n  by 

a l l ,  o r  as many a s  w e  can,  i n  d i s c u s s i o n s  of t h e  v a r i o u s  

s u b j e c t  ma t t e r s .  W e  can make i t ' a  real workshop by having 

everybody p a r t i c i p a t e .  I f  you.have any informat ion about a 

p a r t i c u l a r  s u b j e c t  we would l i k e  you t o  f e e l  f r e e  t o  t a k e  par t  

It i n  t u r n  may b r ing  up other ques t ions  o r  p b i n t s  of  . . 

i n t e res t . .  I n  t h i s  way we can keep t h e  workshop r o l l i n g  

smoothly. 

We do have a  few planned papers of  f a i r l y  s h o r t  
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duration which will kind of introduce each of the'subject 

areas. 

The subject matter for this morn.ing, which will 

be chaired by Tom Hennigan, will be separators. -. . 

I would like to introduce Tom Hennigan up here 

in the front row. 

(Mr. Hennigan standing.) 

Tom will have a session on separators, and then on 

seais, anticipating that that will work our way toward 

lunch. 

In the afternoon, Floyd Ford will be the session 

chairman. 

(Mr. Ford standing.) 

His subject matter will be cell performance 

and specification experience. 

Tomorrow morning we wlll be talking about 

materials and pre-charge, and I will be the chairman at that 

session. 

And in the afternoon we will be talking about 

thermal problems and other aspects of nickel-cadmium batteries 

that the attendees care to discuss, and Dean Maurer, 

from Bell Labs, will be the chairman at that session. 

Anyone who feels they will have something to 

say, who has not contacted one of the session chairmen, we 
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would appreciate if you would do s o ,  so t h a t  he knows t o  

call on you at the p a r t i c u l a r  t i m e .  

A l s o ,  if you have s l i d e s  of a particular v a r i e t y ,  

35mm cr l a n t e r n  type ,  w e  would l i k e  t o  know t h a t  ahead of 

time, because we have both  types of p r o j e c ~ o r s  available and 

it would take some minor se t t i ng -up  t h e  ahead of t i m e .  

We have also a v a i l a b l e  d w n  h e r e  i n  f r o n t  an 

opaque p r o j e r + n r -  I f  you have 2ome data that you want t o  
. - . .  . 

d i s c u s s ,  you can prepare your own da t s  and . . show - it right 

here on the  opaque. I f  you have some vu-graphs, we can 

use t h e  vu-graph projector. 

Gene Stroup is h e r e ,  i n  t h e  back, 

(Mr. Stroup  s tanding . )  

Gens is going t o  handle  a l l  of t h e  changes i n  

addresses ,  If you have a change i n  address for  mai l ing ,  

i f  you're n o t  r e c e i v i n g  literature and would like to, Gene 

w i l l  get your name and address and p u t  it on o u r  c m p u t e r  

l i s t i n g .  

So i f  you have any c o r r e c t i o n s  or changes, please 

see Gene, or c o n t a c t  him at Code 761. 

A l s o ,  I w i l l  have a sign-in sheet a little later, 

This  s ign- in  sheet is important  for our recorder t o  have, 

s o  t h a t  when Mr. Bloom i s  recording what you have t o  say, 

recording your name, he will have t h e  correct name and 

address  t o  work from. So we vtill send around a name listing, 
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We're very pleased t o  have some f o r e i g n  v i s i t o r s  

wi th  u s  this morning, 

From Canada, s e v e r a l  persons,  who o r  whom we're vex 

happy t o  have wi th  us. . Joe Lackner and Ron Haines of 

t h e  Defense Research Establishment,  

( M r .  Lackner and Mr. Haines s tanding.)  

That i s  D-R-E, Defense Research Establishment.  

1 want t o  get t h a t  s t r a i g h t  for t h e  record.  

We have from the Canadian Department of Communica- 

t i o n ,  George Idackie . 
(Mr. Mackie standing. ) 

And from T e l e s a t  Canada, Ed llendee and Mike S t o t t .  

(Mr. Eendee and M r .  S to t t  s tanding.)  

From Leigh Inst~uments of O t t a w a ,  Nicholas 

Balke. 

( M r .  Balke s tanding.)  

And from SAFT,  France, S i l v i o  Font. 

( M r .  Font s tanding.)  

We're very h a p y  t o  have a l l  of you with u s  

t h i s  morning, i n  a d d i t i o n  t o  a l l  of o u r  American f r i e n d s ,  

t o  try t o  understand some of t h e  problems we're having with  

nickel-cadmium b a t t e r i e s .  

I do want to t e l l  you a l i t t l e  b i t  about t h e  

ground r u l e s  f o r  ou r  workshop. M r .  B i l l  B l o o m  from Ace- 

Federal Reporters  i s  sitting here t o  my l e f t .  H e  is going 
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t o  record verbatim what we w i l l  be d:bscussing. There is 

some minox e d i t i n g  done, mainly t o  remove t h e  coughs and 

the l augh te r  expressions i n t h e  paper,  bu t  a l l  t h e  entire 

proceedings w i l l  be produced i n  a document a t  t h e  end of t h e  

ses s ion ;  which we hope t o  have t o  you w i t h i n  t h e  space of a 

man"; . 
There are ? o m  a d d i t i o n a l  copies  of l a s t  year's 

sess ions .  And i f  you were n o t  he re  and would like to get 

a copy, they are i n  the back of t h e  room. 

. When ycu axe speaking, i f  you have a prepared 

paper, we would a p p r e c i a t e  your g i v i n g  t h e  t i t l e  of t h e  

paper, your name and company. And if you have ques t ions  

from the f l o o r ,  would you please i d e n t i f y  yourse l f  by 

name and company, c a r e f u l l y ,  so w e  can have it recorded 

properly.  .- s 

W e  have three microphones -- two i n  a d d i t i o n  

t o  t h i s  one -- around the room. And hopefu l ly  t h e  ex tens ion  

cords are long enough so that we can pass them around, so 

t h a t  everyone w i l l  have the p o s s i b i l i t y  of speaking i f  they  

desire t o .  

We w i l l  p r i n t ,  as we d i d  last year, all cop ies  

of photographs and d a t a ,  and vu-graphs. SO if you are 

using v i s u a l  m a t e r i a l ,  w e  would a p p r e c i a t e  having 

copies  as soon aiter t h e  meeting as p o s s i b l e ,  so t h a t  we 

can inc lude  them i n  t h e  notes.  W e  f0ur.d t h a t  this worked 



- Federa I Reporters, Inc. 
n -5  

o u t  very  w e l l  l a s t  year ,  and hope t h a t  i t  w i l l  work o u t  

t h i s  yea r .  

We i n t e n d  t o h a r e  a coup le  o f  c o f f e e  b r e a k s  each  

day,  one i n  t h e  morning 2nd one i n  the a f t e rnoon .  And we 

w i l l  t r y  and break promptly a t  noon for lunch.  The c a f e t e r i a  

a t  Goddrrd i s  expec t ing  u s ,  and ei ther  Tom or I w i l l  givs 

you d i r e c t i o n s  on how t o  ge t  ove r  t h e r e  a t  t h a t  t i m e ,  

I f  you have a problem w i t h  t r a v e l  ar rangements ,  

ou r  t r a v e l  o f f i c e  i s e a v a i l a b l e ,  and any one of  o u r  chairmen 

would be ve ry  happy t o  ge t  y o u , t o  a phone t o  c o n t a c t  t h e  

p roper  people  f o r  your r e s e r v a t i o n s  and in format ion .  

We hope p o s s i b l y  t c  have,  d u r i n g  one of o u r  

b reaks ,  a s h o r t  t o u r  of t h i s  b u i l d i n g ,  which you may f i n d  

very  i n t e r e s t i n g .  

We have a  ca twalk  ove r  hers t h a t  r a n s  a long  t h e  

b u i l d i n g  t h a t  cove r s  t h e  t e s t  and e v a l u a t i o n  area f o r  s a t e l l i t c  

We're n o t  s u r e  e x a c t l y  how t h a t  i s  going t o  be planned i n ,  b u t  

we hope t o  a r r a n g e  it. 

Also, t h e r e  i s  a museum of a l l  of  t h e  old Goddard 

s a t e l l i t e s  i n  one of t h e  o t h e r  b u i l d i n g s .  And i f  we can 

f i t  i t  i ~ ,  we hope t o  have a k<alk-through of  t h a t  

museum. 

There are some d i s p l a y s  and t h e r e  w i l l  be some addec 

d i s p l a y s  set  up, and t h e r e  a r e  some ext ra  c o p i e s  o f  documents 

t h a t  have been produced i n  t h e  p a s t  around t h e  room, and 
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during the breaks if you desire you can take a look a t  what 

is available. There are several from Goddard, as I sa id ,  

there are several copies of reports, and there are also copies 

of last year's minutes of the meeting, 

Well, that ' s  all I have a t  this particular time. 

Is there any question ahout the ground rules or 

about how we are going to work the meeting? Any problems 

w e  can ask about at this time? 

(No response) 

Okay. Then I would like to introduce our first 

chairman for t h i s  morning, Tom Hennigan from Goddard Space 

Flight Center, 
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HENIIIGLY: Thank you very much, Gerry. 

I would also l i k e  very much t o  welcome everyone 

h e r e  t h i s  morning t o  Goddard Space F l i g h t  Center. I guess  

this i s  our f o u r t h  workshop meeting of t h i s  type,  i f  we d o n ' t  

count the one we had a t  Edison a few years ago, 

And I would a l s o  like t o  emphasize again  t h e  purpose 

of the meeting i s  t o  get people to d i s c u s s  t h e i r  problems, 

their r e s u l t s .  And t h a t ' s  beneficial t o  everybody, 

I just would like t o  say something about t h o  spec, 

You know w e  a l l  wrote a spec  some years ago, t h e  Goddard- 

Industry C o m m i t t e e  on process  arid material c o n t r o l  over  

ni-cad b a t t e r i e s ,  And without  going on too much about this, 

it had t o  be reduced somewhat t o  a p r a c t i c a l  spec; which 

worked o u t  fairly well, 

As far as we can tell r i g h t  now, most space 

programs use t h i s  spec, all programs use at least parts of it. 

The b a t t e r y  companies have come around to  accept ing  t h e  spec. 

And t h e  c o s t  of t h e  cells  w i t h  the spec is about a hundred 

d o l l a r s  per cel l  extra. So it wasn' t  the f i v e  t imes  the 

cost that people i n i t i a l l y  s a i d  it would go up to, 

O f  course  t h a t  was with t h e  i n i t i a l  spec. We've 

had t o  back o f f  from t h a t  one. 

One thing I probably should br ing  up: when t h e  

meeting i s  going on , i f  there i s  anything you d o n ' t  want t o  

record, o r  have recorded,  just t e l l  t h e  f e l low t o  s h u t  it o f f .  
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But don ' t  f o rge t  t o  turn him hack on when you're f in i shed .  

O f f  t h e  record. 

(Diacuss io~.  o f f  t h e  record,) 

HENNIGAN: Now le t ' s  get onto  the separa to r  area, 

I guess f o r  some years we've been t r y i n g  t o  get 

a better separa to r  for ni-cad batteries i n  p a r t i c u l a r ,  A l -  

though t h e  nylons have served t h e i r  purpose, it doesn't seem 

t o  be a long-las t ing separator. Espec ia l ly  i f  w e  work around 

2S°C and 40°C, t h e  cells f a i l  wi th in  a year.  I f  you can 

run t he  b a t t e r y  a t  O°C you can l i v e  with nylon, But t h a t ' s  

not  normally t h e  case, 

You have te give  t h e  spacecraft guys a to le rance ,  

and we're t r y i n g  t o  shoot f a r  ze ro  t o  25OC, I th ink  we've 

convinced most people not  tc  go t o  40°C, any more, except  

for vezy s h o r t  periods.  

\.. 
LVOW I tiifilk ths nairz in fhn ni-cad area has  

been to  f i n d  a polyprophylene material which everybody feels, 

or th inks ,  or has data  that w i l l  l a s t  longer  than nylon, b u t  

has t h e  same good p rope r t i e s  t h a t  nylon has  i n  t h e  cell ,  

I guess  t h e r e  are about s i x  or  seven d i f f e r e n t  polyprophylenes 

going around these  days, and people have test data, and w e  

would apprec ia te  to  hear  from you t h i s  morning. I guess about 

four  or  f i v e  people have volunteered t o  g ive  us  sone informa- 

t i on ,  inc luding  myself. 

So i f  Bob Steinhauer is ready Bob Steinhauer  from 



Hushes A i r c r a f t ,  he has a s h o r t  p r e s e n t a t i o n  on some scanniny 

ca lo r ime te r  work on separators. 

STEINHAUER: Good morning, 

J u s t  a few c o m e n t s ,  In  our  low e a r t h  orbi t  

~:u~~ra.i-rr that we're doing f o r   right-pat, we're us ing  50-ampere- 

hour ni-cad cells, of which we have eva lua ted  s e v e r a l  from 

d i f f e r e n t  manufacturers,  But t h e  pint t h a t  Tom just brought 

cut is t h a t  w h e r e p u  are using a large size cell  e s p e c i a l l y ,  

where i s  the  l imitati tx i n  the s e p a r a t o r ?  And w e  were p a r t i -  

c u l a r l y  concerned wi th  h e a t ,  and where would nylon separators 

degrade? 

We r a n  a d i f f e r e n t i a l  thermal a n a l y s i s  t r y i n g  

t o  s imula te  cell conditions, which means a f low of oxygen 

wi th  some 32 percen t  potassium hydroxide s o l u t i o n ,  a long 

with, in this case, Pellon 2505 ma te r i a l .  And I would l i k e  

t o  show this curve; 

(Slide. 1. ) -. 

These correspond t o  zero,  10,  20, and s o  forthr 

in degrees C, We ran  s i m i l a r  curves  f o r  polyprops, an!? tkcre 

i s  no problem t h e r e  on ou t ,  

Wefire p a r t i c u P a r l y  concerned wi th  exotherm starts, 

namely the hydro lys i s  r e a c t i o n  with t h e  nylon, A s  you can 

see, they've labeled it as 36'C.r  which i s  pretty c l o s e  t o  

5' C . . . ', 'I: J1.. 
.: 

9'iaF, It's just a q u e s t i o n  of whether i t ' s  35 or 36, b u t  i t ' s  

right around in t h a t  po in t .  
*g. 
-&+ 
S t .  Ace -Federal Reporters, Inc . . 
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ETEXNUAUER: I guese I don't  underatand,... 

HENNIGNI : Who made - the material?  

STEINHAUER: We had materials from Rendall, from 

Pellon, from GAF, and one or  t w o  other sources. We did 

not evaluate Hercules, 

HENNIGANt A r e  t he re  any o the r  questions? 

I ' g u e s s  the next speaker on separa tors  who has 
- .  . .  

asked t o  t a l k  is Mr..Gandel from Lockheed, 
- - . - . . . . . - 

GANDEL: Thank you, Tom, 
* . -  

The t i t l e  of t h i s  paper -- I wil l .honor  it with 

that: I 've g o t  three sheets i n ' f r o n t  of m e  -- is Accelerated 

Life Cycle Testing. 

A t  Lockheed we've been doing a l o t  of work with 

about a 45-ampere-hour nickel-cadmium ba t t e ry  cell. And i n  

fact we cur ren t ly  have t h a t  b a t t e r y  i n  f l i g h t .  

The work'that has been done so f a r ,  or the ac tua l  

batteries we've b u i l t  are based upon the Pellon separation. 

I n  order  t o  improve the long-l i fe  c h a r a c t e r i s t i c s  

we decided to i nves t iga t e  polypropylene, and i n  conjunction 

with Eagle Picher we have been doing these inves t iga t ions  

f o r  about the lest year and a half .  

Eagle Picher had evaluated the ava i lab le  poly- 

propylene separators, and based on 80- of t h a t  earlier work 

we decided t o  design a .s imple  experiment bawd on two of the 

best p ~ l y p r o p y l e ~ e ~  and using t h e  Pellon as a rtandawd, 

. 
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I n  order  t o  accelerate t h i s  t e s t i n g  as f a s t  ae we 

f e l t  was safe ,  w e  went t o  twice the cyc l i c  rate; t h a t  is, 

the normal s ix teen 90-minute o r b i t s  per day were adapted to  

32 4 5 r i n u t e  cycles per  day, wi th  about 22 minuter of discharge 

and 23 minutes of charge. 

There ware s ix teen cells constructed, e i t h e r  w i t h  

Pellon, e i g h t  with polypropylene. The t w o  Pellone b u i l t  i n t o  

t3.e cells were the Pellon 2505, which was compressed to  a 

nominal 1 0  t o  12 m i l s .  The next group of f o u r  cells was 

with  the 2506 Pellon compressed'to 8 m i l s .  

!mere we used dif ferent  separa tor  thicknesses we 

adjusted the thickness of the cell, s o  that w e  a t  least thought 

we maintained the same compression, .,, : 

And these  cells contained nineteen positivea:and 

twenty negatives, 

The PBllon received no spec ia l  treatmerk, as o p p ~ s e d  

t o  %n the polypropylene w e  subjected that separat ion to  three 

wash cycles with ethanol  and three with water, 

The polypropylenes b u i l t  i n t o  the cells were 

first t h e  WW 1 2 4 R  by GAF, and ' tha t  was i n  the 1 0  t o  1 2  m i l  

thickness. The other  polypropylene was FT 2140 by Pellon, 

and t h a t  was 8 m i l '  material. Both of the polypropylenes 

received t h e  same wash treatment, 

The r e s u l t s  . to date are- Well, f i r s t  off, on the 

nominal 45-ampere-hour cells, on checking capac i t i e s  under the 
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charge-discharge regimen, all of these cells fell within the  

45-to-52-ampere-hour range. 

The specific discharge ~ h a r a c t e r i s t f c ~  were under 

a 1 0  percent depth of discharge -- t h a t  is, ha l f  t he  cells 

were under a 1 0  percent depth of discharge,  half a t  20 percent 

depth of discharge. The ra tes  were 12.3 amps discharge and 

13.2 imps charge on the 10 percent  depth of discharge, and 

twice those rates on the 20 percent  depth of discharge. 

The end of charge voltages-- I f  I may digress:, the 

test is being conducted in a SO0 temperature chamber, so t h a t  

the max temperature on the 20 percent depth of discharge where 

we have a charge rate of 26.4 amps goes up t o  about 62.F. 

So for the  to ta l  experiment 'the temperature range is between 

50 and 62.F. 

The end of charge vol tages with tho  10 percent  

depth of dischrage, or the 13 amp charge rate, falls i n  the 

1.44 t o  1.46 volt range. And then when w e  go to  the 26.4 

amp charge, which is nominally a C/2 rate, we end t h e  charge 

a t  1.46 t o  1.50. 

As of this da te  we have 3400 cycles, and the plan 

is  t o  continue until failure.  And there i s  no evidence of 

f a i l u r e  on any of the cells yet. 

Are t b r e  any questions? 

. HENXUIGAN: Thank you. 

That number you have, 124h-- The people Pran GAP 
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here, is  that  your number? 1242:  okay, 

I th ink  1'11 go through the  area t h a t  we've been 

b s t i n g  f o r  the larat year now, 

We gave some data on this ah the meeting las t  

pear, and we were just g e t t i n g  started and a l l  we had was 

sox&-cteristfo data on the mataria18 themselves. But 

at  t h i s  time we're up to about 4000 cyc l e s  on the cells that 

are st i l l  going, 

Let me j u s t  real quickly  go i n t o  how we're t e s t i n g  

these cells, 

We're t e s t i n g  at 20°C, They: are 6-ampere-hour 
I 

cells, and t h e r e  are s i x  cells i n  each pack, except for one 
. 

set,  which is  Hercules, where we have e i g h t  cells, 

It's a 25 percent depth of discharge,  and a 

9 0-minute orbit,  

but  we cou1d;Pt do that. So we had to back off, And I ' l l  go 
b 

i n t o  that later, 

The sequirement is that none of the cells can go 

over 155; i f  they do, shut them off. O r  they  should not  go 

over 80 pounds gauge, 

On every 1500 cycles ,  and we've done t h i s  twice 

now, we've taken o u t  one cell for ana lys i s  of the separator, 

Present ly  we have s ix  packs a t  4000 cyc l e s  and one 

pack a t  2500 cyoles,and three packs have failed before  
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a thousand cycles. 

BRXGGSs Brigga, Phikco-Ford. You say th ree  

packs f a i l ed .  How d id  they f a i l ?  

HENNIGANs Very high vol tages,  pressure, and 

shor ts .  They j u s t  weren't  very good a t  a l l ,  

Now in t h i s  f i r s t  one, it shows you one set of . . 
separators .  I want t o  make su re  i t ' s  understood t h a t  we 

picked these  separa to rs  as separa to rs  that would no t  work, 

1% sure the cohpany can make separa to rs  t h a t  w i l l  work, b u t  

these were some t h a t  were selected t h a t  would n o t  work; 

t h a t  .we d idn ' t  think would work, and they  d idn ' t .  

(S l ide ,  2. ) 

I don't know how many of you remember this c h a r t  

from l a s t  year,  hut  it shows t h e  separa tozs  from Kendall, 

A l l  t he  "Em separa to rs  are from  enda all. 

The reason w e  d idn ' t  think they would work was 

because of the high A/C r e s i s t a n c e ,  the l o w  air p e t m e a i l i t y e  

We hilt these  i n t o  cells, "TI means it was treated, "fJw 

means it was washed, and "AR" means it w a s  as received. 

And t h a t ' s  how they f a i l e d ,  

Tho treated ones were not  cycled a t  a l l ,  and the 

rest f a i l e d  before they could reach a thousand cycles .  

Again Let me emphasize they were:: picked t o  show 

t h a t  we  could p r e d i c t  f a i l u r e  i r r  the separa tors .  

(S l ide  ' 3 ) 
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Herd8 another set, That ST 2140 is Pel lon,  

2505x4 i s  Pellon,  Hercules is Hercules, 

We put  another: pack i n  recen t ly ,  2505ML, and t h a t ' s  

about a thousand cycles behind t h e  rest of the  cells t h a t  are 

running, 

There  have been no failures i n  thirr group, 

I think one of the most important Rumbets t 2  look 

a t  on t h i s  chart is the a i r  permeabil i ty of 1 4 ,  which seems 

t o  be very low,to predict ?;hat: the  separa to r  might not, work, 

But it a c t u a l l y  'does work q u i t e  w e 1 , l .  

(Slide 4 

These are t h e  GAF separa tors ,  the as-received and 

t he  washed-out, It i n  genera l  has  p roper t i ee  t h a t  you th ink  

would work i n  2; cell, Theze have been no faiJ.ures. 

Aa I mentioned before, every 1500 cycles we take 

cells o u t  and analyze t h e  separator* again, I can ' t  show a l l  

t h i s  da ta ,  b u t  I have the data from 3000 cyc l e s  f o r  t h e  

mate r ia l s  t h a t  are st i l l  running, 

(Slide.  5. -) 

I n  t he  first column wz have the Crane pack numbers 

and the t y p  of separator .  I n  the second column we have the 

sample. 

Wow Samples I and 4 are towards the outside of t h e  

s tack ,  maybe about two p l a t e8  in .  Sample6 3 and 4 are in 

tire cen te r  of the s tack ,  
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Now what w e  have analyzed for here  is  t h e  amount 

of KON, carbonate, the over-a l l  amount of material t h a t  the 

separa tor  is handling, and dimensional changes, 

The t h i r d  column, wet weight over d ry  weight . 

minus 1, is t h e  w e t  weight as it comes ou t  of the cell compared 

to  the dry  weight: a f t e r  it has been t i trated and washed, 

As you can see, the ones we're t r y i n g  to compare 

the polypropyl.enes with are the  nylons, In general ,  t h a t  

rat io comes ou t  t o  be around 1, i n  some cases  higher,   he.' 

Pellons are a l l  f a i r l y  l o w ,  except  Hercules which looks l i k e  

it has a s i m i l a r  value to nylon-mate r ia l s ,  

The next  one is the th ickness  of t h e  material 

before it went i n t o  t h e  cyc1.e t e s t  and after it came out. 

You see some of the polypropylenes don ' t  change much, or n o t  
c 

a t  a l l .  But Hercules and  ello on change a l i t t l e  b i t ,  Nylons 

tend to change q u i t e  a bit, 

Now i n  the last column w e  have what we call the 

absorption of the separa tor ,  which is t h e  grams of electro- 

l y t e  or whatever i s  i n  t h e  separa to r  over the dry  v o l m .  

Normally nylons here come up t o  about .5, polypropylenes are 

l o w ,  except Hercules has about .5. 

(Slide 6 .) 

I just want to  show you quickly i n  the absorpt ion 

th ing  what we're confronted with,  

We start o u t  wi th  a separator that has KOH and water 
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in it, and we  end up with a separa tor  t h a t  has the rest of 

this material i n  it. We have all the  data on the mil equival- 

ents of carbonate, KOH, and you spot-check, anyway, on the 

amount of cadmium you might expect. 

The first check is flooded, W e  r e a l l y  don't  like 

that test .  

The second check, on the  r i g h t ,  is starved as it 

comes ou t  of the cell, 

I think what we're going t o  have t o  do is go back 

and make the measurement on the f i r s t  piece again, We don't  

like M e  -dathod. W e  have- a l l  the v i r g i n  materials that went 

i n t o  these cells anyway, and it 's not that muchof a chore to i 

do this, 

(Slide: 7. ) 

kow l e te  s say something about the capaci ty,  

voltages,  and so fo r th ,  how the cell cycles ,  

Let me mention tha t  i t 's  rather d i f f i c u l t  to run 

this many tests with d i f f e r e n t  materials, and I have to give  

the  guys at Crane a lo t  of c r e d i t  f o r  the way they're running 

t h i s  test, P r e t t ~  much you've g o t  to play it by ear, because 

you've got q u i t e  a few d i f f e r e n t  types of separators, and we 
. 

j u s t  can't s e t i t  up l i k e  2505ML. 

However; one of t h e  criteria I looked a t  on the 

print-outs anyway, and t o  cut it dawn to a reasonable amount 
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of data ,  was, how much does the end-of-charge vol tage spread 

during cycling. And this data is p r e t t y  much f o r  almost 

3000 cycles. 

As you can see, the four  onthe top  are the poly- 

propylene~ ,  the t h r e e  on t h e  bottom are nylons. The most 

i n t e r e s t i n g  nylon is t h e  2505ML, which has a spread of 20 m i l l i  

v o l t s ,  which is p r e t t y  good, and it 's what we like t o  see. 

The'K4 in the nylons has a spread of around 40, 

bu t  it has a very high voltage.  Most of these cells l i k e  to  

hang i n  around 1.50 where the ML8s are down around one-four-thx 

The other K4 which was washed o u t  had about an 

80 m i l  spread, but it's j u s t  the most random d a t a s i t  j u s t  

doesn' t  make any sense. Remember, t h a t  separa tor  was washed 

out ,  the agent was removed. 

On the polypropylenes, the  only separa tor  that 

hangs in t he re  a t  a low value is Hercules. 

The FT 2140 most of the time stays within 50 m i l l i -  

v o l t s ,  bu t  . fo r  severa l  hundred cycles it went haywire; t he  

spread was 120 ,  and then it quie ted  down again. 

On t h e  extreme r i g h t  we have t h e  percent re- 

charges t h a t  w i l l  maintain the cell capacity.  We won't go 

t o  one-five-five on any cell,  and w e v l l  build up no pressure. 

So it looks l i k e  ir, general  we have to keep t h e  

recharge fa ir ly  low. The h ighes t  one being Hercules, and the 
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lowest being standard nylon, 

There's another i n t e r e s t i n g  th ing  t h a t  came o u t  

of a l l  t h i s .  We a l l  know t h a t  the voltage of the ni-cad 

decays with cycling, And c a l l  it what you want, bu t  w e  start 

out  w i t h  a n ice  f l a t  curve and eventual ly it works its way 

down a l i t t l e  ways, 

I'm not  picking any separa tor  here; they ' re  a l l  

about t h e  same as far  as t h i s  curve goes, 
(Slide. 8 ; )  
FOE instance,  t h i s  is  the 2505K4 as received, 

On the f i r s t  acceptance test t h a t  we did a t  Crane, there  are 

the ampere hours out t o  t h e  various voltages. I n  o the r  words, 

where t h e  arrow is s i t t i n g  on top of it, that's t h e  average 

of the six cells t o  1,2 v o l t s ,  The next l i n e  over is t he  

ave rage , to  1.15, The next one is  average to 1.0, and the 

next one is 0.5, 

And then we give it another capaci ty  check, And, 

for  some reason, most of these  cells kind of lost on this 

second capaci ty check. But they were a l l  well: over 7, SO we 

d i d n ' t  worry about it too much, 

But n w  after we cycled it for 1300 times, t h i s  

is t h e  capaci ty here, for 1.15, Phat used t o  be the capaci ty,  

1.15; okay? So i t 's  j u s t  over - s l i g h t l y  less than 4 ,  And 

I d idn ' t  bother wi th  t h e  rest. We j u s t  plotted- Oh, yes: 

thia is to  1 v o l t  and t h i s  is to  hal f  a vo l t .  
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So, when you look a t  it, we're not  doing t o o  bad 

i n  holding capaci ty  t o  ha l f  a v o l t ,  or even a volt .  

There is our decay, **hich most people don ' t  l i k e  

t o  work with; t h e  Systems guys, anyway; because i t ' 8 . a  l i t t l e  

d i f f i c u l t .  

O f  course, then r i g h t  a f t e r  we do t h a t  1500 cyc les  

we do 'another  capaci ty  check. And a l l  the cells b u i l t  back 

up again. 
(Sl ide  9 , )  
There's t h e  capaci ty ,  1.2, 1.55, 1, and 0.5. 

An i n t e r e s t i n g  pa r t  about t h i s ,  no matter what 

separator we use, all seven we're running r i g h t  now, they a l l  

show t h e  same c h a r a c t e r i s t i c .  Some are a l i t t l e  worse than  

others .  I d idn ' t  r e a l l y  have t i m e  t o  show them all.  I j u s t  

wanted t o  show t h e  genera l  trend.  

I th ink  t h a t ' s  about it. 

Here's how they recover. It might be of i n t e t e s t  - 
to  you. 

(Slide 10-11, ) 
  his is a print-out  of t h e  ampere hours versus  . 

the voltages.  For ins tance ,  let's- On cycle  1422; I normally 

refer t o  t h i s  as 1500 cycles;  hereRs our capac i ty , t o  1.15, 

here's our capaci ty  to 1, and here's t l ~ e  capac i ty  t o  .5. 

It 's r e a l l y  not  capaci ty  here;  it's p l o t t e d  i n  

t i n e .  I n  o t h e r  words, 2 is 6 ampere hours. 

Here's the recovery on cycle  1423. Here's the 

capacity t o  1.15, to  1, and t o  .5. 







1 - fodorrl bpwbrr, Inc. 
25 

I 

2s 

Here's our capaci ty  check a t  cycle  3000, approxi- 
. t  

mately. We go down again,  then it recover8 again. 

I n  general ,  a l l  cells do t h i s ,  But there are a 

couple now t h a t  are g e t t i n g  weak. One or two of the poly- 

p r o p y l e n e ~  seem t o  be weak. 

We g e t  t h i s  data on every cell. So i t 's no t  the 

pack g e t t i n g  weak, i t ' s  cells here and there getting weak. 

Well, t h a t ' s  about it. It's an awful l o t  of da t a  

t h a t  I went over r a t h e r  quickly,  I guess. 

So, do you have any questions? 

M r .  Font? 

FONT: Font, SAFT.  id you a d j u s t  t h e  amount-:of 

e l e c t r o l y t e  i n  your d i f f e r e n t  -- 
HENNIGAN: Yea, I had to. 

In  general ,  f o r  most of t h e  cells t h a t  are running 

r i gh t  nbw i t g a  about 4 cc'o per ampere hour, 4.3 cc'e per 

ampere hour, 

I th ink  the Hercules and the Pellon have the same 

amount. The o the r s  may be a l i t t l e  b i t  less, maybe a cc or so 

Fred Betz? 

BETZt Fred Betz, Fa i rch i ld ,  Two quest ions,  Tom. 

3ne, do you have any explanat ion for the performance 

of t h e  Hercules w i t h  the low permeabil i ty? In  other words, 

air permeabil i ty has genera l ly  been accepted a8 being a 

reasonably critical f ac to r .  And Hcrtcules vas f a i r l y  low. 



That's the f i r s t  quest ion,  

Second, is the re  any explanat ion for t h e  high re- 

charge required on Hercules? Are thny related? 

HENIJTGAN: I don't have any explanat ion f o r  t h a t  

low a i r  perm, And the separa to r  works r i g h t ,  as I mentioned. 

I f  I had looked a t  t h e  separa to r  before, it might ba one I 

might not  have chosen, 

The reason it was chosen, though, i s  because it 

wets s o  w e l l ,  wicks. For instance, t h e  number we had t o  do 

wicked 30 cent imeters  i n  ha l f  an hour# for the rest,, acme 

don't  even wick a t  all ,  

Why do we need the 110 percent? The r u l e  we are 

working with ou t  t h e r e  t o  make sure we g a t  enough capaci ty  

back i n  t h e  cell so it w m ' t  run down on us. And you keep 

t h e  vol tages  down, and so f o r t h ,  But t o  push them as hard 

as you can. I n  o thor  wards, i f  those  cells would take 120 

percent  we would charge them a t  120. But they won ' t do it. 

So we t r y  t o  push the cells as much as we can. 

I don ' t  know h w  it would work a t  105, 

Ara t h e r e  any other 'ques t ions?  

W i l l  Scott? 

SCOTTt Scot t ,  TRI?, On one c h a r t  you showed a 

l i o t  of end-of-charge vol tage  spreads,  and than i n  another 

column waa recharge percentage, Were those da t a  connected on 

any one Line? --that is, did t h e  vol tage  upread shown 

r 



correspond t o  t h e  recharge r a t i o s  shown; o r  was t h a t  independ- 

e n t  data? 

IENNIGAN: The spread is go t ten  by eye-ball ing . 

the computer print-outs.  They change a l i t t l e  b i t .  So you 

kind of eye-ball them, and you get t h e  spread f o r  about 

3000 cycles.  

The percent  recharge t h a t  I had there is data 

I have been g e t t i n g  on about every t h i r t i e t h  cycle ,  And a f t e r  

t he  f i r s t  couple of hundred cyc les  that's about where we set 

them a t ,  

Sp for a specific cvc le  I can get you that in foma-  

t ion ;  but it wasn't on our cha r t ,  

SCOTT: Are you saying, then, that  t h e  vol tage  

spreads t h a t  you showed did no t  necessa r i ly  correspond t o  

the  recharge percentage t h a t  you showed on the same l i ne?  

HElJNIGAN t Right 0 

It's a good point,  Maybe I ought t o  look a t  it a 

l i t t l e  c loser .  We have q u i t e  a bit of data on these  t e s t s . ,  

r i g h t  now, and i t 's  a l i t t l e  hard t o  absorb it a l l ,  

WICKNER: Lackner, Canada Defense Research, 

Further on t h i s  percent  recharge, I ' m  no t  t oo  awe 

j u s t  what's meant, By the 110 ,  105, 120 parcent  recharge, 

is t h i s  a l l  that it would t o l e r a t e ,  all that you program for 

before you get a high end-of-charge voltage? O r  could you 

continue the overcharge for nevsral thousand b r w n t ?  

> 



HErNIGAN: We tried t o  do 120 percent on all cells 

t o  kind of accelerate it smewhat. tJu couldn't  do A;, The 

voltages were going t o o  high. And i n  aome ingtancacr we:wre 

ge t t ing  pressure Build-up. That p a r t i c u l a r l y  happened to  the  

El451 material ,  

So we had t o  c u t  back i n  the power supply u n t i l  

they would 8tay below ~ n e - f i v e - f i v e ,  and wehad no pressure. 

IJCKNER: This is what I thought you meant. Because 

t h e  question had cone up on a i r  permeability, and by and Largo 

the better the a i r  permeabilitya-- and we've been working i n  

the area  of somathing l i k e  ,120 cfm t o  200 cfm -- yr ; can 

overcharge -- the  b e t t e r  the a i r  permeabili ty the better t h e  

chance you have for t h e  oxygen from the pos i t ive  to  recombine 

wi th  t h e  negative, And you're not  going t o  get preasurss  

b u i l t  up. And we f ind  t h a t  you could charge the cells at 

C/10 f o r  120 hours and rare and keep your vol tages below 

one-five-five and your pressures b l o w  75 p8i *:.tT.?pt any 

problems, 

So air  permeabili ty is t h e  cr i ts t ia  that  you have 

to  crim f o r ,  

HENNIGAN : A r t ?  

WROTNOWSKY t A r t  !Jrotno\ssky, GAF . 
Ton, would you repeat  your comment on wetting, t he  

wetting tine? Are you referring to widting, or time to wet? 

You sa id  t h a t  it took thirty seconds t o  wet out the Hercules 
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separator? 

Hu.s does t h a t  go, again, please? 

9 
IIENNIGAN: It wicked 30 centimeters i n  half  an hour, 

WROTNOWSKY t Vertical w i  cking;' 

WROTNOWSKY t 'Thank you, 

HENNIGAN: There was another question there, Bob 

Shair? 

SHAIR: Bob Shair , 14otorola, 

D i d  you see any cor re la t ion  between e i t h e r  end-of- 

charge pressures or steady state overcharge pressures with 

these various separators? 

HEMJIGAN: A f t e r  we do the capaci ty checks, of 

course i n  the beginning, too, we do overcharging. And when we 

do *ese tests the pressures are not better o r  worse8 they're 

about the samo order of magnitude as we get  during cycling, 

Most of . these  cells, tha pressures are of the  order 

of 20 t o  30 pounds uauge, 

Well, if there are no other questions, W i l l  Scott 

would you give your t a l k  on some of the separa tor  work being 

done by TRTJ? 

SCOTT: My comments are going to be i n  two areas 

regarding sepaxatcrs, One is i n  the.area of the present 

s t a t e  of the a r t  of separator  t e s t i n g  and t e s t  methods, and 

the other is a l i t t l e  b i t  of data on cell t e s t i n g  with 
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polypropylene s epa ra t a t s  versus nylon separatozs a t  deep 

depths of discharge,  
* 

We have not done -- not  go t ten  a l o t  of d a t a  such 

as of t h e  type that Tom j u s t  showed you, b u t  we do have a 

l i t t l e  of i n t e r e s t  

I guess 

under some s p e c i a l  test condi t ions,  

f i r s t  I would l i k e  t o  make some genera l  

comments on separa tor  t e s t i n g  as is being done today, 
, I 

I recen t ly  made a l ist  of the var ious  d i f f e r e n t  

kinds of separa tor  tests t h a t  are being done today, Most of 

them have been published i n  one form or another i n  connection 

w i t h  severa l  a c t i v i t i e s  going on, one being the work on 

separa to rs  done a t  Tyco.for Goddard a year or so ago, 

another being some of t h e  me'thods t h a t  appeared i n  the NASA 

Interim Speci f ica t ion ,  a t h i r d  being some test methods that 

were published by Eagle-Picher i n  connection with t h e i r  work 

on process var iables .  

With a c e r t a i n  amount of i n t e r p r e t a t i o n  I listed 

f i f t e e n  d i f f e r e n t  test methods, no t  a l l  of which are independer 

And what I tried t o  do is ca tegor ize  these i n t o  two types,  

not  necessa r i ly  exclusively,  b u t  t o  t r y  t o  decide whether the 

t e s t  was of use fox quality control and/or whether it was of 

use f o r  evaluat ion i n  terms of a c t u a l  cell manufacture and 

cell perfornance. 

I would l i k e  t o  show you t h a t  list. 

(Slide: 12 ) ' 
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presented here this morning tend to bear this out; that is, 

there is a lot of testing and data being gathered that we 

know right now the characteristics do not appear to correlate 

with cell performance. There actually appear to be some 

negative correlations, and so forth, 

So I would lf ke to see, myself, some more thought 

and work done in the area of developing test methods and 

characteristics of separator materials that we know correlate 

with cell performance. 

Tho test data that I mentioned is under the 

following conditions: The test data was in connection w i t h  

a program that was directed toward operation of batteries 

in synchronous equatorial orbits, where we have relatively 

few total number of cl.cles required for lifetime, but a 

requirement for maximizing the utilization of the energy from 

the battery. 

So we are pushing depth of discharge, 

The conditions of the test were: cells were operat- 

ing at an average temperature of approximately 40°F. We are 

operating at this temperature for various reasons, most of 

hem connected with trying to optimize tho life of the battery, 

because we are interested in a minimum of seven years of opera- 

tion in orbit for this particular application. 

The test conditions are a 12-hour cycle consisting 

of approximately eleven hours of charge period and one hour of 
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discharge period. The cells are being operated t o  approximatel 

90 percent of t h e i r  nominal capacity on every cycle. This is 

a form of accelerated tes t  t h a t  we are using. 
. 

The cells t h a t  we have on test are few i n  number, 

t he re  i s  a t o t a l  of s i x  r i g h t  now t h a t  -.,have . any ;a ign i f i can t  

amount of cycle  data on. There are three 20--re-hour cells 

with two d i f f e r e n t  kind of polypropylene separa to r  mater ia l .  
. . 

By the way, we have t e s t e d  under similar c o n d i t k x ~ s  - .  

cells with Pel lon 2505 separa to r  i n  them, i n  t h e  pas t ,  and I 

don ' t  have the d e t a i l  of t he  data with me, but  what we are 

b a s i c a l l y  doing, of course, i s  t r y i n g  t o  compare t h e  performanc 

of the cells with polypropylene with those w i t h  the nylon as . 
a reference.  

Our d a t a - e o n s i s t s  of only the performance from the 

cells with one type of polypropylene, namely GAF WEX 1242 ,  

and one other kind,  which i s  Pel lon FT 2140. 

Now what we have done is t o  p e r f o m  t h i r t y  of these 

cycles i n  a row, and then put  t he  cells on conti.nuous low level  

charge for a period of approximately one week. And then w e  

have dor~e another t h i r t y  of these  cyclos,  and then another 

period of continuous l o w  l e v e l  charge. And t o  data we have 

completed f i v e  of these  th i r ty -cyc le  sequences. 

What w e  have seen is a performance with a l l  six 

of these  cells under these condit ions t h a t  I consider  t o  be 

super ior  t o  t h e  performance with t h e  nylon Pel lon 2505 separatc  
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material. 

We,were concerned initially with two possible 

problems with the use of polypropylene under these conditions. 

A t  this lower temperature there is'a possibility of some 

pressure problems if the polypropylene woula possibly impede 

oxygen recombination because of the nomrally lower oxygen 

recombination capability of the negative electrode at these 

lower ~emperatures. So we were concerned that this effect 

might be accelerated due tc t k  possible characteristics of 

the polypropylene materiels. 

The other general problem that we were concerned 

about was the possibility of adverse effect of electrolyte . 
migration under these conditions, where the electrolyte might, 

as a result of cycling and accumulation of life, migrate away 

and give a from the separator permanently into the plates 

high resistance separator condition. 

Well, to date et least wiIih450 - ~ y c  le9:'.ton 90: percent 

depth of discharge under these conditions we have seen no 

external evidence of any problems. The pressures at the on8 

of charge are within the same range, within the normal spread 

that you see in most cells, that we have seen with nylon 

separators. 

Undat these particular conditions, at lower tompera- 

ture, you usually have to tolerate higher pressures that you 

do at rcom temperature. And we consider prersures up to 
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50 psig as q u i t e  normal under these opera t ing  condit ions.  

By t h e  way, t h e  recharge r a t i o  t h a t  we are using 

i d  110 percent,  W e  have had no p rob lem a t  a l l  from pressure 

or  vol tage on those test cells under t h a t  set  of condit ions.  . 

The end of discharge vol tage  is i n  genera l  s l i g h t l y  

higher on these  cells than itwaaron comparable cells that we 

tested a b o u t , s i x  months ago that had nylon separa tors .  But 

I d o n Z t  be l i eve  the  d i f fe rence  is-- The di f fe rence  is s t i l l  

within the normal variation from cell  t o  cell. 

That's what I have t o  say. 

On the chart t h a t  you had up.on the screen,  where - 
you had t h e  var ious  se?arator  p rope r t i e s  and you had which 

p a r t i c u l a r  p rope r t i e s  you f e l t  were highly co r r e l a t ed  w i t h  

cell perfornance, what was your criteria for cell performance, 

and what type of ana lys i s  was used t o  came up with the cor- 

r e l a t i on?  

S C m :  Well I must admit t h a t  that c h a r t  is 

r e l a t i v e l y  sub jec t ive  a t  this po in t  i n  time. However it ia 

the r e s u l t  of looking a t  the kind of data that Tom Hennigan 

has i n  h i s  pocket, and others t h a t  I have been able t o  a - ; q -  

run -across, mostly noting,  I guess, the occurrence of nega- 

t i ve  cor re la t ions ;  that is, where, f o r  exanplo, one might 

obtain, say, a very low electrolyte pick-up i n  a particnlar 

sample of separator, then bu i ld  a cell with it, and get 
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standpoint  from t h a t  cell ,  Tha t  I consider t o  be t h e  typo 

I 

of th ing  where I would tend to draw a blank, OX, obviously, a t  

l e a s t  a quest ion mark as far as lack  of evidence is concerned. 

But, as I say, I haven't done a l o t  of q u a n t i t a t i v e  

ana lys i s ,  r ea l l y .  T h i s  i a  j u s t  an irnpreszhn t h a t  I have r i g h t  

now from t h e  tests t h a t  are being done, 

O'ROURKEz. The reason I brought t h i s  up, it wasn't 

the  type of anaxysis t h a t  Eagle-Picher is doing i n  a process 

va r i ab l e  study, i n  o the r  wrds, 'a  regreas ion .ana lye i s ;  t h i a  waa 

not a formal regress ion  done aga ins t  a p a r t i c u l a r  dependent 

va r i ab l e  using those  var ious  separa to r  properties? It was 

nothing as formal as that? 
\ 

SCOTT: That's c o r r e c t ,  

I do feel that no t  enough of t h a t  kind of ana lys ia  

has been done. And, as a r e s u l t ,  I would j u s t  caut ion  anybody 

t o  g ive  a l i t t l e  b i t  of thought t o  whether or no t  they  might 

be spinning t h e i r  wheels making a lo t  of separa to r  t e s t a  w i t h -  

out r e a l l y  knowing whether thexe is  going t o  be any c o r r e l a t i o n  

or not,  

HENNXGAN: Are t h e m  any other questions? 

(No response) 

As far  as separa to r  tests, what you might cal l  

charac te r iza t ion  tests, we've never been happy with them a t  

a l l .  hnd presen t ly  w e  have a con t r ac t  with the Bureau of 



Staadards, and M r .  Aaron Fisher  of Goddard is t h e  t echn ica l  

monitor. We have a l l  these v i r g i n  ma te r i a l s  that we ran i n  

these tests a t  Crane. And, Aaron, could you say a f e w  word8 

on the type of teats  that t h e  Bureau of Standards 16 going 

t o  do? 

FISHERI What 1. wanted to 8ay is  that NBS is st i l l  

i n  the process of looking a t  t h e  p a t t i c u l a r  tests and examining 

them and seeing which appea r .  as thought they might be i n t e r e s t  

ing  or  f r u i t f u l ,  

Es sen t i a l l y  the tes ta  are thetypes that were indi -  
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?? 11 

Aside from t h a t , I  would l i k e  t o  i n d i c a t e  a couple 
I 

cated i n  the  Fleischer handbook, t h e  A i r  Force Handbook. 

th ings  t h a t  found during our  p a r t i c u l a r  s t u d i e s  

ma te r i a l s  and throw some more l i g h t  on the  facets of what 

t h e  materials are. .. This would be a cont inuat ion  of t h e  

information that Tom has shown, 

The ideas concern themaelves pr imar i ly  wi th  eaDe of the 

SEM types .o f  photos. Orom these SEM photos y w  are able 

t o  see the d i f f e r ences  i n  s t r u c t u r e  o r  in'xod length or dia- 

l meter or  any p a r t i c u l a r  f l a t t e n i n g  that may have occurred 
. . - .  

during processing. These observat ions lend credence -- - 

' t o  Tom's ind ica t ion  that ha picked a c e r t a i n  type of material 
I 

because he thought it was going t o  be a poor material. And 

maybe some of these photos and other i nd i ca t ions  I have may 

show why it would be mate r ia l  l i k e  that,  a poor one. 













Ace - Federal Reporters, Inc 
2! 

a wett ing agent on, and so much surface  a r ea ,  the KOH might 

r e a l l y  be inc l ined  t o  move q u i t e  rapid ly .  

One o the r  a rea  t h a t  w e  have looked a t  in order t o  

see whether there might be a p o s s i b i l i t y  of a sce r t a in ing  

degradation from a before-and-after type of arrangement, is, 

t h a t  w e  had the  Waters'people do average molecular weights for 

us v ia  g e l  permeation s tud i e s .  And we  have come up with 

indications of molecular weight, which we might see later as 

being changed, a s  a funct ion of t he  b a t t e r y  operat ion.  I 

might i n d i c a t e  some of t he  va lues  t h a t  e x i s t ' o v e r  here.  

(S l ide  20.)  
\ 

W e  have the Hercules with a comparatively low 

average molecular weight, about 14,000,  and t h e  El451 and 

t h e  304PO having the  highest molecular weights. 

Now it w i l l  be i n t e r e s t i n g ,  on removing some of 

these  separa tor  ma te r i a l s  a t  a later da t e ,  a f t e r  f a i l u r e ,  

t o  see whether these  xwlecular weights have, i n  e f f e c t ,  

changed, whether t he re  has been any kind of breakdown i n  t h e  

s t r u c t u r e  of t he  material. 

(Sl ide :2i. ) 

Some of t he  prel iminary information t h a t  we  have 

got ten  from NBS, I ' ve  taken some. of t h a t  ma te r i a l  -- and it 

may or  may not  be v a l i d  a t  t h e  present  t i m s ,  bu t  I ' ve  t r i e d  

t o  make a comparison of both t h e  Hercules ma te r i a l  and t h e  
I 

mater ia l  which f a i l ed .  And as noted before,  t he  dens i ty  of 



t.he E1451, which is  Kendall- Inc iden ta l ly ,  we're not  

deprecating t h i s  Kondall material; I'm very happy t h a t  it 

was put  i n  here,  because i t 's a r e a l b a s i s  of comparison 

which may lead u s  t o  make some kind of conclusion8. 
. . . . .  . .  - ... - .-. -- - - - . - - . . 

* 
The Kendall mater ia l  dens i ty  runs about .60, and th t  

Hercules mater ia l  is about - 2 0 .  The ,absorp t iv i ty  of KOH 

has been .26 versus.30 for the Hercules. On a poros i ty  basis 

we have about 21  percent fo r  t h e  Kendall versus about 70 

percent: f o r  the Hercules material. 

And i n  the ohms area, we have'ohm-centimeters 

about 150 . .  ve tsus  11.6 f o r  t he  k e r c u l e s  material. 

Now as I indica ted  before,  these .are i n  t h e  

process of being del ineated.  bat both haterials received 

the same type of t e s t  i n  this p a r t i c u l a r  work thar: is being 

lone a t  NBS. 

: : .  I h a v e  j u s t  presented t he se  t h ings  for what 

l e y ' r e  worth, and t h e  f a c t  that.they may be able t o  help 

l e l inea te ,  or set f o r t h  some of t h e  properties t h a t  might. 

,e required i n  a separator material .  I guess everything w i l l  

lave to depend on the longevity of t h e  p a r t i c u l a r  t e s t s  t h a t  

Porn i s  running over a t  Crane. 

That's about a l l .  I 

mqNIGAN: Do w e  have any ques t ions  far M r .  Fisher? 

M r .  Dangel of Kendall. 

DANGEL8 I'm from Kendall. We've been doing some 



I 

Y 
A 

d 
b 

4 

1 
a 

C 

i 

€ 

C 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
Reporhts, Inc. 

25 

42 

more work recently, p a r t i c u l a r l y  o n W s  dens i ty  problem. 

And we have several new mate t ia l s ,  hnd they bear  p a r t i c u l a r l y  

on t h i s  dens i ty  th ing ,  

If you'd l i k e ,  I 'd  project them, 

FISIrnR : Yes , 

DANGEE: Okay, 

Aaron mentioned that dens i ty  readings from .60 

up0 t o  were obtained,  depending on t h e  amount of compression 

. t h a t  was done. I 

This  new category has readings h t w e e m 2 Q ~ a n d  ,3?t  

and also we have v a s t l y  increased the a i r  permeabil i ty from 

minimums of about 80 against read ings 'o f  -- what? -- 20, was 

it? -- and a c t u a l l y  up i n t o  the 300 range. And some of this 
C .  

has been achieved purely by improvements i n  how we procoas 

the s t u f f ,  and some of it by manipul.ation of f i b e r  diameters; 

t h a t  is, using fibers of d i f f e r e n t  diameters and combinations 

thereof ,  

These materials have been i n  the  laboratosy-for  

over a year now, bu t  we're about ready t o  release them t o  any- 

body who would like t o  dc some test work on thorn, 

Thank you. 

HENNIGATJt Are there any f u r t h e r  questions? 

I r r r i c ' x  add t h a t  we intend t o  build some more cells, 

and we would bo i n t e r e s t e d  i n  what materials thatyou have. 
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Wenll have to get back t o  the  soparator thing after 

f in ished with the seals t h i s  morning, but that doesn't look 

like it's going to happen. But we'll do what w4 can. 

Letns take fifteen minutesn receas, and try to 

get back at eleven. 

(Recess) 
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~ u % ~ I G N ~  W i l l  everyone p lease  take  h i s  seat s o  

we can go on wi th  the  meeting? 
I 

As. I mentioned before the break, we're running kind 

of l a t e ,  and w e  hope t o  get through with t h e  sepaxatoro and 

seala t h i s  morning b u t  it doeen' t  look l i k e  we're going to  be 

ablo to, 

We have one more b i t  of information on separators 

from the  B e l l  Telephone Laboratory, from Dean Maurer, 

MAU.RBRt We have some app l i ca t i ons  i n  the B e l l  

System f o r  sea led  nickel-cadmium batteries t o  support  semi- 

conductor rsmories 'to prevent their v o l a t i l i t y .  

These b a t t e r i e s  are subjec ted  t o  r a t h e r  high 

temp? ature ambient for extended periods, They're on con- 

t inuous overcharge, 

T h i s  is a somewhat different kind of use mode than 

what you've been talking about here this morning, b u t  I th ink  

some of the same problems can show up, 

We. knew t h a t  cellzi w i t h  nylon oeparators  would no t  

perform w e l l  urider these condit ions;  the nylon would degrade 

and possibly cause shor t s ,  or r e s u l t  i n  a charge negat ive 

from the oxidat ion of nylon, 

So we obtained some cells w i t h  polypropylene 

separa tors  to  determine what kind of f a i l u r e  modas and life 

c h a r a c t e r i s t i c s  a cell with t h a t  kind of separa to r  would have 

under these  condi t ions,  and see what tho next  f a i l u r e  problem 
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might this system, 

These cells were of t h e  cyl indr icaz  type, The size 

I can describe, as being one-third C. They had capaei ty around 

400 milliampere hours, They had polypropylene separator#,  ae . 
I said, And a l l  of the other material within the  cells were 

non-degradable, except for  an in su la t ing  grcxrmret a t  the top  

of the core, which also formed p a r t  of t h e  soel area, And 

that remained as nylon, 

We put  these cells on test, and, as I say, our use 

node was continuous overcharge, So we  looked a t  severa l  

d i f f e r e n t  temperatures and severa l  different overcharge cur- 

ren t s ,  and the r e s u l t s  were cons i s ten t  froin one temperature 

and cur ren t  t o  another, 

(Sl ide:  25. )  

These are typ ica l .  This is t h e  vol tage as a func- - 

t i o n  of time on overcharge a t  temperature. The temperatures 

ranged from l lO°F ,  t o  180°F, and the overcharge ranged f ~ i : .  

zoughly C/40 t o  roughly C/10. 

Theee are six cells under these conditions,  T h w - ,  

were s ix  f o r  each condition,  And we p l o t  here the  voltage,  

And you can see t he re ' s  a reasonably f l a t  area followed by a 

very sudden rim i n  voltage,  T h i s  marked the  venting of the 

cell, The negative had become f u l l y  charged and generated 

hydrogen, and the ael l  vented. 

Similar ' r a s u l t s  were obtained a t  alL tenpe~ratures  
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md a l l  cur ren t s ,  And t he re  was sane discuss ion  earlier about 

the end-of-charge voltage8 and their rpread. These might 

be considered.typiccrl for what we obtained,  on a l l  of these  

cells. 

They were relatively s t a b l e  ov #r the test period 
. . 
u n t i l  this f a i l u r a  event  occurred, 

W e  analyzed these d a t a  s t a t i s t i c r a l l y ,  making a 

probab i l i ty  pAot, log p robab i l i ty ,  of days t o  f a i l u r e  versus  

percentage normalized by thia  -tion for small samplea, -- 
(Slide; 2-6. ) 

-- and, again, a reasonably good tit t o  normal, log noma l ,  

d i s t r i b u t i o n  for these cells. 

(Slide. 27.)  

Then p l o t t i n g  al; of thin data an days t o  50 percent 

f a i l u r e  -- i n  other words, the mid-point on those  previous , 

curves -- versus one-over-T, we got r e s u l t s  t h a t  look like 

ti'lis. There are three d i f f e r e n t  overcharge ccurents shown 

here and t h e  four  d i f f e r e n t  temperatures, They are reasonably 

good s t r a i g h t  l i n e s  wi th in  a given cur ren t ,  

So i f  we w a n t  t o  determine the f a i l u r e  mode now 

of these cells, tho f a i l u r e  m s c h a n i s m r a t h e t ,  w e  need to' 

axpla in  the  temperature dependence, and w e  need to  expla in  the' 

dependence on t h e  charge cur ren t ,  

(Slide.  28.) 

The nylon gmnmurt i n  the iiell wan, again,  across t h e  
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top of the core. There are several mechar.isms one can propose 

here. One is that the nylon reacts with the negative and 

charges it by sone mysterious means; which can 3s rule2 out, 

because the nylon is not in contact with the negative. Nor 

is it in contact with the positive, so a direct reaction there 

i s  not  possible, 

There could be a direct oxidation of nylon by 

oxygen in the cell ;  some oxygen pressure dependence which was 

related to t h e  charging current. Again, t h i s  can be ruled 

ost  by the stability of oxygen in air. 

We could have oxidation of the nylon decomposition 

products, nylon hydrolizing; decomposing sin ,the electrolyte, 

and these  products then reacting with oxygen; >ThSs mechanism 

is plausible in that presumably there could be ii rate dependent 

s t e p  of oxygen on these products, 

We made some box& experiments in which we exposed 

these nylon grommets to an environment of potassium hydroxide 

and 100-pound pressure of oxygen, and followed the oxygen pres- 

sure decay as a function of time at temperature. This did  

occur, and it had an activation energy in the vicinity of 

30 kilocalories per mole 
-- . 

Unfortunately, the activation energy that was ob- 

tained for t h e  cell deconpasition from these  data is  between 

14 and 15 kilocalories per mole So the mechanism is viable, 
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but it doesn't f i t  the data, 

The last mechan,- q: an electrochemical oxidation 

of these decomposition products, John Broadhead in our 

laboratory found that nylon decomposition products showed an 

oxidation step in potential scan s tudies ,  So that these 

products could be electrochemically oxidized on the positive 

electrode, 

(Slide' 29.) . 

So we can then work up an over-all mechanism 

to explain these results now. 

The time to failure, T1/2, will be equal to the 

quantity of negative, excess negative that has to be charged 

before the cell would vent, divided by the rate of oxidation 

0 2  these products, Bec~use when these products are oxidized 

effectively oxygen is used, and allows the negative to charge 

as the other half of the reaction. 

We proposed that t h i s  rate of oxidation is proportior 

21 to the polarization of the positive electrode, which is 

reasonable for a parasitic electrochamical process, 

tJe propose, furthermore, t h a t  t h i s  r a t e  constant 

follows the oreneous relationship shown here, and that tha 

polarization follows a tophal relationship for an irreversible 

process, We can combine all of these factors into this 

equation, re-arranging tka terms, And you can see that these 
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v ~ ~ e s  now are known: tifie t o  f a i l u r e ,  t h e  abso lu te  temperature 

t h e  c u r r e n t  d e n s i t y ,  and, again, temperature, 

So i f  w e  p l o t  t h e  log of t h i s  f a c t o r  v e r s u s  one- 

over-T a l l  of the data should be normalized, And, when i n  

f a c t  we do t h i s ,  we g e t  t h e s e  r e s u l t s .  

(S l ide :  30.) 

The hexes, c i r c l e s  and squares  are t h e  t h r e e  d i f -  

f e r e n t  charge c u r r e n t s ,  and t h e r e  is  no sys temat i c  arrangement 

of those  charge c u r r e n t s  i n  any of t h e s e  f o u r  different 

temperatures.  And t h e  a c t i v a t i o n  energy, aga in ,  by the  way, 

i s  14,15 k i l o c a l o r i e s ,  

So w e  f e e l  t h a t  tihe mechanism, then, i s  t h e  hydro- 

l y s i s  of the nylon, t h e s e  products  then  diffusing to t he  

p o s i t i v e  z l e c t r o d e ,  and then being oxidized elect roc he mi call^ 

a t  the p - s i t i v e  e l e c t r o d e  a a rate determining s t e p .  

Th i s  mechanism i s  i n  agreement wi th  data for 

cells conta in ing  only nylon sepa ra to r s ,  In t h a t  case t h e  

nylon i s  i n  c o n t a c t  w i t h  sthe p o s i t i v e  e l e c t r o d e ,  s o  t h a t  the 

a r e a  of the r e a c t i o n ,  the r e a c t i o n  s i te  a r e a ,  i s  e q u i v a l e n t  

t o  t h e  s i z e  of t h e  p o s i t i v e  e l e c t r o d e ,  And one can normalize 

those  d a t a  on t h e  b a s i s  of t h e  ampere hour c a p a c i t y  of  t h e  

cell, 

A r t  C a t t o t t i a t  GJ,, presented  data of t h i s  t y p o  

l a s t  year  a t  t h e  Electro-Cllen!~ Soc ie ty  meeting. And i f  you 

p l o t  h i s  data, which i s  expre:;sedin terms of charge rate of 
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t h e  nega t ive  per ampere hour cell c a p a c i t y  one gets  a 1 4  t o  15 

k i l o c a l o r i e  per mol a c t i v a t i o n  energy; again ,  i n  agreement, 

(Slide 31.1 

M o w  one can t a k e  the-se d a t a ,  t h i s  mechanism, and 

conjure  ways of extending t h e  l i f e  of t h e  cell under t h e s e  

condi t ions ,  

The f i r s t  one, of course ,  i s  t o  e l i m i n a t e  a l l  t he  

nylon from t h e  cel l  so t h a t  t h e  mechanism cannot func t ion .  

One can also use a less r e a c t i v e  nylon, one which 

does n o t b g r a d e  i n  KOH as fas t ,  so t h a t  you move t h e  ox ida t ion  

a t  t h e  p o s i t i v e  as a r a t e  determining step t o ,  perhaps, 

hydro lys i s  as r a t e  determining,  

You could make t h e  pa th  for d i f f u s i o n  of t h e s e  

products  t o  t h e  positive longer ,  And t hen  t h a t  aga in  would 

change the r a t e h t e r m i n i n g  step probably,  then ,  t o  d i f f u s i o n  

c o n t r o l ,  

You could reduce the area of exposed nylon, or you 

could keep t h o  nylon from wet t ing.  So t h a t  t h i s ,  aga in ,  would 

prevent  t h e  hydrolysis and change r a t e  l i m i t i n g  step. 

And then , .o f  course ,  you could p u t  i n  more excess 

cadmium hydroxide, up t o  a po in t ;  which j u s t  simply means t h a t  

you t a k e  longer t o  charge t h e  nega t ive ,  I n  those c a s e s  you 

may run i n t o  problems such as r e s u l t i n g  from carbonate  bu i ld -  

UP * 

I f  you Leduce t h e  hydro lys i s  rate s o  t h a t  ox ida t ion  
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Figure 29 

Figure 30 

RECOhMENDATI ONS 

1. ELIMINATE ALL NYLON. 
Ro* = b 

2. USE LESS REACTIVE NYLON. 

k = koe -1 E/RT 3. MAKE LONGER PATH FOR DIFFUSION OF NY LOP 
DECOMPOSITION PRODUCTS. 

4. REDUCE AREA OF EXPOSED NYLON. 

5. KEEP GROMMET INSULATOR DRY, 

6. MORE EXCESS Cd(OtilZ 



51 

wb 8 1 of t h e  products  by the p o s i t i v e  i s  no longer r a t e  determining,  

Ace - Federal 

2 one might very well r u n  i n t o  t h e  mechanism of ox ida t ion  of 

3 these doconposit ion products  by oxygen i n  the  cell. And we 

4 have some evidence being generated now t h a t  t h i s  is, i n  f a c t ,  
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t h e  nechanism i s  some cells w i t h  poJ.ypropylene. 

That's a l l  I .have. 

HENNIGA!?: Do we have any ques t ions  f o r  Dean I-laurer? 

SCOTT: W i l l  S c o t t ,  TRW. Were t h e  hydro lys i s  pro- 

ducts from nylon which were e lec t rochemica l ly  oxid ized  

i d e n t i f i e d ?  

MAURER: No, they weren't. As a matter of fact 

therefs a whole series of them, and t h e r e  is some evidence 

to  i n d i c a t e  t h a t  t h e  reaction r a t e  with oxygen, for example, 

is d i f f e r e n t  for t h e  d i f f e r e n t  cha ins  t h a t  you night g e t .  

SULKES: Sulkes,  W.S. Army E l e c t r o n i c s  Command, 

Is there a cor re l a t ixm wi th  the weight l o s s  of 

tho  nylon with,  le t ' s  say, the amount of cadmium t h a t  would be 

a v a i l a b l e  t o  r e a c t  wi th  t h e  nylon? --with t h e  oxygen t h a t  i s  

generated? 

MAURER: I f  one j u s t  does a mass balance,  t h e r e  is 

enough nylon p r e s e n t  t o  account f o r  a l l  of t h e  charging of t h e  

negat ive .  

Is t h a t  what you mean? 

SULKES : Y e s .  

Also, would there be enough t h a t  could react and 

I 

\ 
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still maintain the physical integrity of the nylon? TM.s  

would be the other thing, 

WWRER: Well, that depends on how much excess 

negative there is, But in some of the cells that we have 

look at, the nylon still had its integrity, and would still 

serve its purpose, 

The nylon in the area of the seal itself was not 

attacked at all, The insulator part, the part over the top 

of the core, was brittle, 

SULIXS: Thank you. 

STEINHAUER: ~teinhauer, Hughes. Dean, were these 

plates, or cells, that were used, of a standard impregnation 

process, or your new process. that you have reported, or your 

lab has reported on previo~sly, and would the effect, if these 

tine constants you're ceporting are dependent upon failure of 

the negative, would it be different, or would the rates or 

mechanism proposed be different in those cells? 

1 W R E R :  They were commercial cells with some 

modification. But the electrodes were prepared by commercial 

processes by a commercial nanufacturer, 

I don't think that the characteristic of the 

negative is of any particular significance here. I think it's 

simply a matter that the negative charges because there is no 

oxygen reaching it, or a small fraction of the oxygen that 

should get there is no, so it charges. 
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O f  course ,  depending on t h e  type  of nega t ive  it 

is,  you might f i n d  some s l i g h t  d i f f e r e n t  charging c h a r a c t e r i s -  

t ics  o r  t i m e  t o  hydrogen evolu t ion ,  l e t ' s  say. I n  some 

negativeswhich perhaps have poor charging e f f i c i e n c y  a t  t he  

high charge l e v e l s  you may run i n t o  hydrogen much sooner than 

you might expect ,  

But, o t h e r  than  t h a t ,  I d o n ' t  t h i n k  i t ' s  cr i t ical ,  

GROSS: Sid  Gross, Boeing. 

Dean, what were t h e  lowest  temperatures  t h a t  you 

took d a t a  a t ?  

r"VIAURER: The lowest  temperature was 43OC,, l lO°F, 

The cells  l a s t e d  t h e r e  400 t o  500 days. 

HENNIGAN: Thank you, Dean, 

I have a couple  of s h o r t  announcements. 

W i l l  everybody please make s u r e  they  sign t h e  

a t tendance l is t ,  before J.unch anyway,, 

And any speakers  we have had, would you g ive  your 

vu-graphs o r  slides or t a b l e s ,  and so f o r t h ,  t o  Gerry Halper t  

s o  we can g e t  them copied,  and h e ' l l  g i v e  them back t o  you, 

There are a couple more people who had some 

informat ion on s e p a r a t o r s ,  b u t  w e ' l l  j u s t  have t o  move along 

t o  t h e  seal area, and maybe w e  c.an g e t  back t o  t h a t  l a t e r ,  

We have s e v e r a l  speakers on seals. 

Bob Ste inhauer ,  I wonder i f  you would mind b e h g  

t h e  first one, 
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We do have one comment on s e p a r a t o r s  by Lou Belcve, 

BELOVE: I would l i k e  t o  sugges t  t h a t  t o  some of 

t h e  e a r l i e r  speakers  on s e p a r a t o r s ,  polypropylene s e p a r a t o r s ,  

t h a t  they  mention in t h e  r e p o r t s  t h e  amount of e l e c t r o l y t e  

and t h e  concent ra t ion  of  t h e  e l e c t r o l y t e  th-iZ was used i n  

t h e  cells  t h a t  were on test .  

HEWIGAN: We have a11 t h a t .  The cel l  I was t a l k i n g  

about was 34 pe rcen t  

BELOVE: And how much-- You see, there is-- 

HENNIGATJt The nylon s e p a r a t o r s  were 26 c c ' s .  

Hercules I t h i n k  was t h e  same.' The Kcndall  was s l i g h t l y  

less. 

BELOW: D i d  you t r y  v a r i o u s  amounts of e l e c t r o l y t e ?  

HEISNIGAH: NO, 

UELOVE: We found t h a t  t h i ~  p l a y s  a p a r t  i n  t h e  

proper u t i l i z a t i o n  of polypropylene i n  i.icka1-cadmium cells. 
- 

HEWNIGANt Thank you, 

Bob Ste inhauer  on seals, 

STE7:lHAUER: I would l i k e  t o  cover two s u b j e c t s ,  
..- . .. . . . 

one i s  observed f a i l u r e  modes i n  large pized s e a l s ,  aga in  

r e l a t e d  t o  our low e a r t h  o r b i t  program where we a r e  dealing 

with 50-ampere-hour seals, and t hen  t o  d i s c u s s  some work t h a t  

has  been done a t  Hughes on i n t e r n a l  funding t o  develop a 

seal for nickel-cadmium space cel ls ,  

On our  low e a r t h  o r b i t  program w e  found t h a t  we 
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wanted t o  e v a l u a t e  s c v e r a l  d i f f e r e n t  types  of  seals, and it 

was a ques t ion  of which ones were a v a i l a b l e ,  

T h e J a t t e r  p a r t  is a c t u a l l y  p a r t  my c o n t r i b u t i o n ,  

p a r t  Chuck Pierce and 'sam Euler  a t  t h e  Hughes Elec t ron  Dynamic 

Divis ion,  

(S l ide :  32.)  

We have observed cons iderable  a c t i v e  metal penetra-  

t i o n  i n t o  t h e  ceramics on t h e s e  l a r g e  s i z e d  seals, As I 

p o i n t  o u t  these .  observed f a i l a r e s  I would l i k e  ,to propose a 

cause t h a t  I t h i n k  n o s t  probable,  I n  t h e  case of t h e  a c t i v e  

metal p e n e t r a t i o n  -- and t h e s a a r e  on stress r e l i e f  type  of 

s e a l s ,  o r  s e a l s  t h a t  use  t h e  o u t e r  c i r c u m f e r e n t i a l  s u r f a c e  

t o  bond t o ,  I b e l i e v e  t h a t  t h i s  f a i l u r e  is caused by an 

excess ive  time-temperature dwell dur ing  t h e  a c t u a l  braze 

flow opera t ion ,  

We have found a sepa ra t ion  of the braze  j o i n t  

from the ceramic i n  t h e  reg ion  of the  stress r e l i e f  c o l l a r  

i n  t h e  upper b raze  f i l l e t .  This  could be caused by an 

excess ive  cool ing r a t e  fol lowing t h e  flow of t h e  brazed a l l o y ,  

namely, even though tllcse m a t e r i a l s  a r e  reasonably w e l l  

matched, the hraze  a l l o y  is  no t ,  and t h e r e  are d i f f e r e n c e s  

i n  thermal expansion c o e f f i c i e n t s ,  

We have found f r a c t u r e s  i n  the ceranic under t h e  

braze j o i n t .  These a l s o  can be caused by excess ive  cool ing  

rates, 
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We have found voids  i n  the  braze a l l o y  i t s e l f ,  

Cooling r a t e s ,  r e s u l t i n g  i n  sh r ink ing  voids ,  and a l s o  in-  

adequate dwell  during t h a t  braze t o  remove t h e  gas t h a t  is 

generated i n  some of these processes. 

Recognize, of  course ,  that we have a problem of 

t o o  much dwell., t o o  much cooling1 not  enough dwell,  It has 

t o  be c o n t r o l l e d  properly. 
(Slide 33.) 

'The types 02 d e f e c t s  t h a t  w i l l  be seen have t o  dq 

with t h e  sepa ra t ion  i n  t h i s  area of t h e  braze a l l o y  from t h e  

ceramic, and a l s o  i n  an a c t i v e  metal  p e n e t r a t i o n  below t h i s  

joint i n  this reg ion  i n t o  the ceramic t h a t  can cause some 

subsequent problems. 

(Slide 3 4 . )  

We evalLuateC t h r e e  d i f f e r e n t  vendors'  s e a l s .  

These seals, to rnv knowledge, were a l l  made dl* t h e  same nanu- 

f a c t u r e r .  And khe reason we started looking at:. these s e a l s  

i s  thac t h i s  i s  4 50-ampere-hour size cell,  We had an 

unual ly  high incidence of e l ; c t ro lp te  Leakage, namely, we 

had twelve cells from each of three manufact-urers, and about  

h a l f  of these cells  i n d i c a t e d  leakage i n  phenolphthale in  

checks. Ouro usua l  incidence rate of leakerr; on space programs 

where we buy many more cells  i n  t h e  200 ta 400 ce l l  ca tegory ,  

has been t y p i c a l l y  less than hal f  of 1 percent, 

T h i s  i s  t h e  s e p a r a t i o n  of the braze a l l ~ y  from 

the coranic, You can see this pull-away, Second, you can 
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see t h i s  a c t i v e  metal under t h e  braze a l l o y  ths t  has diffused 

i n t o  t h e  ceramic. S3u have what amounts t o  a t i t an ium 

enriched zone and i n t r i n s i c  ceramic. 

A l s o ,  t h i s  is t h e  macrophotograph, t h e  o p t i c s  

are such that t h i s  i s  a mirror image; i n  o t h e r  words, t h i s  

corresponds t o  t h i s ,  and t h i s  corresponds t o  t h i s ,  b u t  

o p t i c a l l y  they are reversed.  ( I n d i c a t i n g )  

You can also n o t i c e  some f r a c t u r i n g  s t a r t i n g  t o  

g.opagate  along t h i s  boundary between t h e  t i t an ium enr iched 

material and i n t r i n s i c  alumina, poss ib ly  started by t h i s  

separation here ,  possibly i n  the cool ing  cycle. 

This  is t y p i c a l l y  a p o i n t  of concern, Regardless 

of t h e  type  of metalizing you use, you do not want t o  g e t  

excessi le pene t ra t ion  i n t o  t h e  ceramic, 

This  photograph shows t h a t ,  probably up i n  t h i s  

region,  a s l i g h t  amocxt of t i t an ium pene t ra t ion ,  b u t  no t  

f r a c t u r i n g  has  developed8 and t h i s  i s . r s l a t i v e l y  minor. 

(S l ide  35.) 

A l l  of these crass -sec t ions .  were taken from cells 

& a t  were identif,ed as suspec t  l e a k e r s  by chemical l eak  check. 

The cel l  just shown ~ x e v i o p a l y  had a half - inch s t u d  

diameter,  This was also on a 50-ampere-hour cel l ,  b u t  used 

approximately a quar ter- inch s t u d  diameter.  This cross-  

s e c t i o n  i s  not e x a c t l y  through t h e  c e n t e r ,  o r  through a 

diameter. 
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9'he defects noted in this 

58  

seal were less, You 

can still see some separation, but it's not as defined, 

You can see some titanium penetration in here, This is 

fairly clean at the top, J could not find any actual frac- 

turing, 

mass exh 

general, . 
ibited fewer de: 

the seals with the smaller thermal 

Eects, I think that this is very 

significant in why we have not seen-- ,Any defects that w e  

see in small size seals, I mean like 6 through 20-ampere-hour, 

will be magnified with a large thermal mass type seal, 

This is why I believe the smaller stud diameter 

directly resulted in less observation of the problem there, 

(S l ide  36.) 

This is another one with a half-inch stud diameter. 

Even in the macrophotograph you can see the fracturing which 

is a direct leak path, The blow-up of this shows that 

fracturing did occur at the top, There's a titanium enriched 

zone, But once you: get this boundary line between the 

enriched zone and the intrinsic material, the fracturing 

started, that can act as a notch point, just like in glass, 

to propagate fu2thar fracturing, 

This_si.de you can see, which is here, that the 

braze alloy has separated from the ceramic, Further, some 

fracturing has occurred up in here, but it has not 

propagated on around, 
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(Slide 3 7 . )  

This one also had a half-inch stud diameter, 

We were somewhat concerrred when we sa-n. the Cap on this hole 

ar1d the distance between, here and here. But it was not a 

ie;& path, 

The separation has occurred here. The titanium 

has penetrated in this region, 

Now with tha+ separation, and with some penctra- 

t ion,  if you look here yo\: can see the separation, you can 

see the penetration zone an this one, but if you follow this 

right on down all the way down and through, it's a direct 

leak path, 

(Slide 3 8 . )  

We have observed anothrr, perhaps not failure 

mode but something that w e  ought to consider. Where tve are 

using single insulated cells -- in other words, ceramic-metal 
seal on just the positive terminal, we have looked at the 

metal-to-metal braze between the stress relief collar and 

the cell cover, 

We have found, in metallurgical cross-sectioning 

that there appears to be copper-rich zones of braze alloy 

apparently ungergoing a 'deplating-plating process involving 

the copper, The path length of this particular braze is 

suf f j ciently long to preclude electrolyte leakage. The 

final location of this copper, soma of it plates back on;what 
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about twice the depth,  maybe, But you can see t h i s  cor ros ion  

t h a t  has  developed, 

Th i s  is  an e tched  specinen,  These da rke r  r eg ions  

appear t o  be copper-r ich,  This  appears  t o  d e p l a t e  and fol low 

t h e s e  copper-rich zones, And then t h i s m t e r i a l  t h a t  you can 

see fragmented on t h e  s u r f a c e  appears  t o  be where t h e  material 

has attempted t o  plate b,ack onto  t h i s  braze ,  

The is: a l l  of it d i d n ' t  make it: where 

i s  i t ?  

Another p o i n t  I want t o  naket T h i s  is  on a 

15-ampere-hour cell ,  We were looking a t  t he  same cel l  for 

t h i s  phenomenon. T o  the eye, w e  d i d n ' t  see anything wrong 

with  it, b u t  I had j u s t  gone through those  50's on t h i s  item 

t h a t  I t a l k e d  about prev ious ly ,  and I s a i d  "Hm, I d o n ' t  see 

anything,  b u t  l e t ' s  f l i p  t h e  ne ta lograph  over here ,"  And, 

s u r e  er,ough, t h i s  same area shows no p e n e t r a t i o n  b u t  does 

show sepa ra t ion  from t h e  ceramic, 

So w e  ought t o  be cognizant  of t h a t  i n  smal le r  

s i z e d  s e a l s  as w e l l ,  

(S l ide  41.) 

W e  found recently a f a i l u r e  of s e v e r a l  cells  t h a t  

had been i n  s to rage ,  namely t h a t  they  f a i l e d  t h i s  i n c i p i e n t  

short tes t ,  With extensive overcharge w e  were a b l e  t o  recover  

and to r e s t o r e  a l l  b u t  two cells. 

I n  thesz two cells,  which appeared t o  be a dif f e r e n  
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failure mode, we took a look, These cells showed on autopsy 

spotting in localized regions of the separator, dark gray, 

black; they showed a lot of spotting on the positive plates, 

perhaps nickel oxide. 

At any rate, I would like to point out what was 

found in analyzing the separators of these cells. 

I haven't left ceramics, Tom, really, 

, . .. Up here is the analysis of the ceramic body that . 
was used in these cells, with alumina, silica, magnesia and 

so forth, across the top. These are all coded in red. 

The items that. I have coded in red below here I 

am attributing to the ceramic. 

We took a background analysis, namely, tho : 

white portion of the separator versus the portions of the 

separator that exhibited hlack spots around periodically, 

and a black smear that appeared across' t h e  top 'of' the 

separator, 

You notice that the background analyses are fair- 

ly clean, except for things that you might expect, There 

is an absence of cadmium. These are cells that had heen 

overcharged to a considerable extent, However, in the back- 

pound  here you see some traces of quite a few elenents, 

In these black spots especially, and to a lesser 

extent in the black smears, we found high concentrations of 

things such as silicon, magnesium, iron, calcium, potassium, 
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x s e ,  sodium, t i t an ium and n i c k e l ,  

The n i c k e l  I attribute to Lire black s p o t s ,  o r  the 

predoninance of spotting on t h e  p o s i t i v e  p l a t e s ,  

I b e l i e v e  t h a t  the i r o n ,  i n  t h e  c a s e  of t h i s  ce l l ,  

t h e  s p o t  analyzed w a s  d i r e c t l y  ad jacen t  to  a p i t  i n  t h e  

p o s i t i v e  p l a t e  t h a t  went down t o  t h e  s u b s t r a t e  material, o r  

co ld  rolled steel. 

I b e l i e v e ,  after s tudying t h i s  and looking-- These 

l a s t  two, t h e s e  are j u s t  a r e p l o t  of t h e  d a t a ,  assuming t h e s e  

t o  be concent ra t ions ,  and s u b t r a c t i n g  out backgrounds from 

t h i s  a n a l y s i s  and fron t h i s ,  to x y  and see what i s  s i g n i f i c a n *  

So we can probably j u s t  look down i n  he re ,  

I b e l i e v e  that the n i c k e l  and/or t h e  i r o n  are 

a c t i n g  as i n i t i a t o r s  t o  start drawing a l l  t h e s e  m a t e r h l s  

toge ther ,  t h a t  these m a t e r i a l s  are indeed coming from the 

ceramic, and t h a t  t h e  high -- once t h e s e  t w o  items s ta r t  

t h i s  process)  and recognize  tha t  t h i s  was after long-term 

s t rapped s torage ;  we get high s i l i c o n ,  w e  get high- sodium, 

and high t i t an ium,  And t o  a lesser e x t e n t  -- and t h i s  i s  kind 

of d i s t u r b i n g  -- we g e t  aluminum, 

That kind of s u r p r i s e d  me. 

B u t  I am proposing that we cons ider  t h e  ceramic 

we use with regard t o  whether it i s  indeed causing u s  cel l  

f a i l u r e s  by this mechanism. 

I t h i n k  further work has to be done t o  i;-Xentify 
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t he  compounds and t o  i d e n t i f y  t h e  s toichiometry,  and so f o r t h .  

( S l i d e  4 2 . )  

The conclusions  from t h i s :  I think there is a 

c o r r e l a t i o n  between t h e  f l u x i n g  agents  of t h o  ceramic and 

tho  high concent ra t ions  i n  the  suspec t  reg ion  of t h e  

separa tor .  I t h i n k  t h a t  n i c k e l  t h a t  has moved o u t  -- n o t  

s i n t e r e d ,  b u t  probably s t a r t i n g  from impregnated m a t e r i a l s ,  

has moved out, and i s  one of the  i n i t i a t o r s  of t h e  mechanism. 

I th ink  i r o n  can be another, from t h e  s u b s t r a t e .  

0E.course  we.could p u t  a l o t  of numbers i n  f r o n t  

cmpounds, except  f o r  t h e  n k k e l ,  occur i n  na ture .  

t h a t  samething l i k e  t h a t  i s  probably going on. 

I th ink  we have t o  cons ider  what: it real 

of each of those, b u t  I th ink  t h a t ' s  a- You know, these 

I th ink  

l y  means, 

p i t s ,  c racks ,  and s o  f o r t h ,  e s p e c i a l l y  i n  t h e  p o s i t i v e  p l a t e s ,  

because of t h i s  ixon, down t o  the  substrate. I think that 

t h i s  i s  probably an i n i t i a t o r  of  this f a i l u r e  node. And I 

think, that the e x t e r n a l  short c i r c u i t  long-term s t o r a g e  of 

cells should he reviewed as perhaps causing t h i s  n i c k e l  t o  

move o u t  i n t o  t h e  sepa ra to r .  

Those are the observed f a i l u r e s .  

I would l i k e  t o  now $30 i n t o  t h e  second p o r t i o n  

that covers  t h e  s e a l  t h a t  was developed by Chuck Pierce, Sam 

Euler  and myself, reduced t o  p r a c t i c e  down a t  t h e  Hughes 

Torrance Division.  We do have a p a t e n t  app l i ed  f o r  on t h i s .  
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This  i s  using technology t h a t  t hey  have developed on p i n  

seals for microwave tube windows, 

The technology was a v a i l a b l e  there, I used to be 

involved with t h a t  Divis ion and wi th  t h e i r  metal  ceramics,  

which is why I saw a need t o  perhaps go t o  the tube peor>le 

and say "Gee, we have a s p e c i a l  requirement.  I know wha t  

your c a p a b i l i t i e s  are," There was j u s t  n o t  enough t r a n s l a -  

t i o n  ;jetween battery and seal people,  

( s l i d e  4 3 . )  

T h i s  i s  the .Hughes Hi-Re1 seal, We picked t h a t  

name f o r  l a c k  of a b e t t e r  one, I t  does not  use  s i l v e r  i n  

the braze a l l o y s ,  I t  uses b u t t - s e a l  geometrv, which has 

been around long before we had space nickel-cadmium cells, 

used i n  t h e  tube f i e l d  for  k l y s t r o n s ,  biwows, PIT'S ,  i n  

t h e  gun s t r u c t u r e s  e s p s c i a l l y ,  I t  uses a braze  temperature 

of less than  a 1000 C, And t h e  reason  I p o i n t  that o u t  i s  

t h a t  the time-temperature dwell on those f a i l u r e s  shown 

pxeviously, it is  c r i t i c a l ,  I f  you go t o  higher temperature 

you're going to  get  g r e a t e r  p e n e t r a t i o n  i n  a s h c r t e r  time. 

We're ta lki i rg  about  high alumina, 99.8 t o  9 9 . 9 ,  a: 

minimizing the  s i l i c a ,  I feel t h a t  t h e  s i l i c a  i s  one of t h e  

rnai.1 components i n  t h e r e  l ead ing  t o  t h a t  s h r t  through t h e  

s e p a r a t o r ,  

It uses the.back-up c e r a n i c  rings, which seem t o  

have no purpose i n  t h e  seal i t se l f .  They seen super f iuous ,  1 
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t hey  actually act as e sandwich or P. rtccngthening factor 

because the netal t h a t  is sandwiched jar bctween does not  

exact ly  match the expansion of the cermic, and ;mu do not 

want to use thick metal because t h i s  would just make the j o i n t  

more rigid. 

So this does indeed enhascc. id12 tcasiie strength. 

That i s  measurable. 

We deposit active metal d i ~ e c t l v  onto the ceramic 

rather than to convert it from a conpo*~nd. 

A;: the mztals have Seen w e G  En nickel-cadmium 

cells and are compatih2ee They hava not a l l  necessarily been 
/ 

used i n  the seal before, 

In a tensile specimen y ie ld  strength t e s t  -- I'm 
not inferring that the actual structure would give this 

tensile strength -- it gives 12 to 17 thousand psi st yieP~. 

The actual structure--we've tested some of the earlier 

specinens for %hich we had not developed our appropriate cool- 

ing  cycle a t  that time -- showed around three and a half to 

four on the actual structure,  -4, of course, 

I'm saying that  large s i z e  seals re3lly are the 

proof of the pudding. If you can m a k e  a large one, then you 

can make a small one, The reverse is not necessarily true, 

All t h e  naterials have been indiv idual ly  t e s t e d  

by an e l e c t r o l y t i c  corrosion test described to me by 

Dr. Seiger of Heliotek for compatibility in the cel19s 
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environment, 

Sid Gross j u s t  commented t o  m e  before I came up 

he re  t h a t  perhaps t h i s  t es t  s h o u l d  be repeated with  actual 

e l e c t r o l y t e  from t h e  c e l 1 ; t h a t  trace i m p u r i t i e s  i n  t h e  

e lect rolyte . - -  I recognized i n  the t i t an ium1 h u t  i n  t h e  elec- 

t r o l y t e . - - ;  could  have.an effect on these cor ros ion  r e s u l t s ,  

( S l i d e  4 4 . )  

When I asked to get this work released I said 

I would e i t h e r  p rc3ent  it or no t ,  depending upon whether I 

could t a l k  about  t h e  metal lurgy.  And t h e y , d i d  go ahead and 

release it, T h i s  is  what it is,  

Right now we're us ing  a Wesco 998 body, \?e went 

to Coors, hut it is  d i f f i c u l t  t o  get t h a t  body from Coors 

and -- l e a d  t i m e ,  And it i s  much more expensive from then 

than t o  use this body. 

The Wesco body contains less t han  50 ppm of 

s i l i c a  as does  t h e  Coors body, 

I t  i s  an RF s p u t t e r e d  t i t a n i m  f o r  t h e  a c t i v e  

metsl. And, as such,  it i s  extremely t h i n  compared t o  what 

w&'re used t o  i n  t h e s e  seals. That's i n p o r t a n t  i n  that you 

d o n ' t  have a b i g  r e s e r v o i r  of t h a t  t o  move i n t o  the ceramic. 

I t  makes use of a platinum b a r r i e r  l a y e r ,  T h a t ' s  

for two purposes,  One i s  to protect t h a t  t i t a n i u m  once you 

,b r ing  it o u t  of t h e  vacuum systen, and, second, t o  keep t h i s  



I material from alloying extensively with the nickel-gold, 

which will fam a beautiful ternary, at least a binary, 

the titanium-nickel, and the titanium will be drawn into gold 

as well, 

It does make use of iron-nickel-cobalt, or ASTtI 

F15 alloy,, which is a l o w  expansion, It's slightly different 

from the alloy 52 which has been used in s e a l s  to date. But 

cobalt I do not find objectionable, 

.This could be made with the alloy 52- as well. 1t's 

just that we feel this has a better match to. the ceramic, 

It could possibly be made with nickel-metal, but 

you have a gross difference in expansion there, and you are 

incurring a higher risk, 

It makes useof the nickel 200 stud. 

(slide' 45 ) 

f have a cross-section of the seal with me, and 

I will have* a photograph of it if anyone cares to  look a t  

it later, 

This i s  one of the back-up ceramic rings on 

the top, This is the other one underneath, I t  is the butt- 

seal geometry, or what I have referred to in the p a s t  as 

electron gun geometry, 

There is a metal-to-metal braze between the post 

and this ring here, 

This i s  one of t h e  tensile specimens that we 
-Federal Reporters, Inc. 
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measured. that 1 2  t o  1 7  thousand p s i  on. This  was based upon 

t h e  area that you see. The important  par t  i s  t h a t  it is 

indeed p u l l i n g  ceramic. And t h i s  was one of t h e  earl ier  

runs ,  P r e s e n t i y  we p u l l  ceramic-- There i s  ceramic i n  t h e s e  

areas, b u t  it i s  extremely t h i n .  It looks  i n  t h i s  photograph 

as i f  it'z not  there, b u t  t h e r e  i s  ceramic completely around. 

In sme cases it i s  not  good t o  p u l l  ceramic 

i f  you have an a c t i v e  metal enrichmenkyou have embrittled 

your ceramic., 

(Slide 46. )  

Th i s  i s  t h e  c ross -sec t ion  showing t h e  stud:  t h e  

one member of a l l o y  F15, a metal-to-metal b raze  a t  t h i s  

po in t ,  back-up r ing ,  back-up r i n g ,  stand-off ceramic, and 

then t h e  metal-ceranic brazes a f f e c t i n g  t h e  seal, being 

these two on e i t h e r  side. And then  t h a t  metao-to-mstal one. 

This  has n o t  been p u t  i n t o  a c o l l a r .  Th i s  could 

e i t h e r  be t i g - w ~ l d e d  i n  or brazed i n .  

The bond meta l lurgy  a t  low power -- and these are 

etched specimens: t h i s  is  ceramic, ceramic, and by:. * .  

going a c r o s s  i n  t h i s  region here you can see t h e  F15 alloy, 

the braze  a l l o y  and t h e  cermic. And l ikewise  above. 

The t i t an ium and plat inum are along this i n t e r face ' .  

I ' m  n o t  sure y o u ' l l  be able t o  see t h i s  from the back of the 

room, b u t  even i n  t h i s  photograph you can start t o  see the 

very t h i n  t i t an ium.  And t h i s  i s  a t  very high power, much 
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higher  power, a t  least t w o  times here, than  what thnse 

defects were shown at before ,  

There is  e s s e n t i a l l y  s u r f a c e  bonding, b u t  no 

p e n e t r a t i o n  i n t o  t h e  ceramic, 

A t  t h e  h ighe r  power you can seef t h e  t i t a n i u m  

s u r f a c e  bonfing right on t h e  c r y s t a l l i n e  structure of t h e  

ceramic. You can see a s l i g h t  layer here, And t h e n  there's 

another  one here ,  T h i s  i s  b raze  a l l o y  of nickel-gold,  

e u t e c t i c  nickel-gold,  

Th i s  i s  the plat inum layer that you*: can see 

running a long through here, 

This type of sea l  I t h ink  i s  one that should be 

looked at, because you do  n o t  get t h i s  pene t ra t ion .  It 

can be made in a large s i z e ,  

(Slide' 47.) , 

T h i s  is the same metal lurgy but i n  an unetched 

specimen, And t h e  only d i f f e r e n c e  i s  t h a t  you can see t h e  

t i t an ium,  or the l ack  o f  pene t ra t ion ,  and i n  t h e  interface 

here you cannot detect t h e  barrier layer, 

W e  developed this seal because of our  o b l i g a t i o n  

on t h e  low e a r t h  o r b i t  program to  e v a l u a t e  s e v e r a l  d i f f e r e n t  

s e a l s .  This  used previous ly  developed technology a t  Hughes, 

There i s  one o t h e r  seal t h a t  we f i n d  i n t e r e s t i n g .  

This  has  been developed by General Electric a t  t h e i r  

Schenectady Plicrowave Tube Business Center ,  which, co inc iden ta  
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happens to be the competition to the divisibn that did our 

work, 

(S l ide '  4 8 . )  

metal into the ceramic. 

is only a 6-ampere-hour 

seeing something that g 

half an inch. 

This does not show penatration of the active 

However the seal that I have here 

size, I would be very interested in 

ets up in the stud diameter of about 

.They are using a braze, as you can see from the 

fillet here. 

I am concerned in that I want to see a large sized 

seal, and if that same metallurgy exists it is definitely 

promising. And ny reservation is the following: 

This must be brazed at a much higher temperature, 

it is my understanding. Thereforekhe time-temperature dwell 

in that process appears to me to be more critical a process 

parameter than the lower temperature of the seal I have just 

described, 

From what I can see, for large sized seals, or for 

long-life high-reliability seals, I would like to see others, 

but these are the two that I find promising at the moment, 

HENNIGAN: Do we have any questions of Mr. Stein- 

hauer? 

KRAUSE: Stan Krause, JPL. 

Bob, how old were these cells, tho original ones 
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i n  which you detec ted  some of those defects? How old  were 

they when you found those l eaks ,  and what had been done t o  

themlpr io r  to  d iscover ing  those leaks. 

STEI1lIIAUER: O f  t h e  l a r g e  s f  ze cells? 

HMUSE: Yes. The first ones you t a lked  about. 

STEINElliUER: Yes, Those cells were observed t o  

be Leaking a1rnos.t: imediate?.y upon r e c e i p t  a t  liughes, 

tJe studied them f o r  severa l  weeks t o  several months 

before  dec id ing  whether they were a c t u a l l y  l eakers ,  They were 

not profuse leakers ;  j u s t  give small indications, i n  most 

cases,  of  r e ac t i on  t o  phenolphthalein,  

You have t o  be careful before you go i n  and 

cross-sect ion one of t h e s e t h i n g s ,  because i f  you don ' t  hit 

t h e  right spo t  you ' l l  never know what you have. Therefore 

we studied them for q u i t e  n few weeks t o  -- maybe ug t o  t h r ee  

months, t o  determine where t o  cross-section.  So tiley were 

no more than three months o ld  a f t e r  r e c e i p t  a t  Hughes, 

KRAUSE: IIas it been your experience t h a t  leakers, 

as a r e s u l t  of s e a l  manufacturing de fec t s ,  show up very early 

in the l i f e  of e cell? 

STEINIIAUER: I assume you are nfm r e f e r r i n g  t o  a 

smaller size seal. --or just i n  general .  L e t  me comment in 

genera l ,  

In our space programs we have found t h i s  .5 percent 

of leakage incidence usua l ly  wi th in  -- starts showing up thret 
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m m t h s  t o  six months after r e c e i p t  from t h e  cell  manufacturer, 

'L'hc frequency seems t o  be t h a t  they peak o u t  wi th in  t h a t  

t i m e ,  You don ' t  f i n d  them before, you don ' t  f i n d  then  a f t e r ,  

TNat has beon our  experience,  Except on these  

large size s e a l s ,  

GASTON: On t h e  Hughes type eeal, do you plan t o  

build cells and eva lua te  t h i s  seal on l a r g e  sized terminals? 

STEINIlAUER: We, as you know, are no t  a cel l  

manufacturer. W e  wcult! plan t o  b u i l d .  seals f o r  anyone who 
& 

would care La incorpora te  them i n t o  cells, 

We have l i m i t e c l  c a p a b i l i t y  a t  t h e  moment, And, 

depending upon t h e  i n t e r e s t ,  they  would upgrade t h i s  t o  be 

able t o  handle larger q u a n t i t i e s ,  

But t h e  two people t h a t  I mentioned -- Sam Euler 

e s p e c i a l l y  -- would be t h e  main f o c a l  po in t  persons t o  c a l l  

i f  one were i n t e r e s t e d  i n  pursuing t h i s  f u r t h e r ,  I can give 

you t h e  number later,  

COHN: Cohn, NASA Headquarters. On your own 

s e a l  which is made with alumina, I would be i n t e r e s t e d  i n  

knowing which type of a l m i n a ,  alpha o r  gamma, and whether 

you con t ro l t he  c r y s t a l  form and whether you know whether there 

i s  an e f f e c t  o r  whether i t ' s  one or t h e  o the r ,  

STEINHAUER: I can't answer t h a t ,  because we do 

purchase t h e  body, I would have t o  f i n d  out ,  

There was no at tempt  t o  c o n t r o l  it, no. It's a 
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conunercial body. 

FORD: Floyd Ford, Goddard Space Canter. 

Bob, i n  a few of your slides you showed some 

data t h a t  implied, t h e  way I i n t e r p r e t e d  it, t h a t  the seal 

i s  degrading on t h e  cel l  even though t h e  cel l  i s  i n  s to rage  

afid shorted out.  Is t h i s  c o r r e c t ?  

STBINHAUER: In t h e  case of t h e  deplaf ing/p la t ing ,  

yes. 

FORD: You mentioned t he  copper had a p o t e n t i a l  
C 

associa ted  with it. And i f  t h e se  a r e  s i n g l e  ceramic seals, 

I'm missing t h e  po in t  t o  understand how t h e y  can be shor ted  

out.  

STEINHAUER: They are externally shorted.  I don ' t  

know what t h e  r e s i s t a n c e  is. 

I'm saying when t h a t  cell  i s  opera t ive  i t ' s  i n  a 

negat ive po l a r i t y .  

LACKTJER: Lackner, Canadian Defense Research. 

You mentioned t h a t  f o r  pene t ra t ion  of t h e  ceramic 

t h e  time-temperature dwell was important.  What orler of 

magnitude are you t a l k i n g  about i n  minutes or seconds? 

STEINIWER: Usually t he se  hrszes are made by 

progress%g the  stacked structure t h a t  you're goin,: t o  oe 

brazing up t o  t enpera tu re  slowly, g e t t i n g  it j u s t  below t h e  

flow poin t ,  and then  tak ing  it up t o  t enpera tu re ,  al lowing it 

t o  flow, and br inging  it back down. 



:ederrl Rew brs, Inc. 
25 

". 
i 'J 

That dwell typically can be of the ordez o f  

seconds to maybe up to five or six minutes. 

L2lCXNER: Does this mean that if it's over five 

or six minutes it's bad? 

STEIN)IAflER: Its tihe and its temperature -- I mean 
it has to be specific to the equipment that's used, the hard- 

ware that you're trying to braze together, the braze alloy; 

in other words, what temporaturat the t i m e  is more critical 

if you go to a'higher temperature braze than if it is a lower 

temperature braze. a 

.I'm saying it depends upon the part you're 

to build, the equipment you have to build it: with, an( 

metallurgy that you're using. 

t r y  kg 

d the 

LACKNER: I still am trying to find out what the 

order of magnitude was. What is bad? Two hours? Two minutes 

Twice the length of time? Ifalf the length of time? Or is 

it so specific that you can't pin it down? s 

STEINIIAUER: I have not identified, because, of 

course, I do not have access to the process information. for 

the particular seals we have cross-sectioned here. So I 

don't have a family of these things at different dwells to 

say just  where it becones critical, I really can't answer 

that that spmifically. 

IIENNIGANt If we have any nore questions we'll get 

them after the next speaker, The n w t  fellm may not be able 
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t o  come back t h i s  a f te rnoon,  and he has  some informat ion on 

t h e  General Electric s e a l  t h a t  Bob j u s t  t a l k e d  about ,  as f a r  

a s  test d a t a  and how it he ld  up under cyc l ing  tests. 

John Park ,  from t h e  Goddard Space F l i g h t  Center  

Mater ia l s  Group. 

HENNIGAN: I would l i k e  t o  remind you a l l  aga in ,  

before you leave  p lease  s i g n  t h e  a t tendance  l i s t ,  and t o  g e t  

your s l i d e s  o r  a r t  work to  Gerry Halper t  s o  w e  can g e t  it 

reproduced and g e t  it back t o  you. There Is a Xerox i n  t h i s  

bui lding,  so w e  ca.n g e t  it done p r e t t y  f a s t .  

PARK: I f e l t  t h a t  t h e r e  was a very  unusual and 
\ 

unexpected c o r r e l a t i o n  between t h e  samples t h a t  I have and 

t h e  previous speaker,  because it j u s t  happens t h s t  Ton 

Hennigan d i d  have one of  t h e  G. E. s e a l s ,  and w e  d i d  happen 

t o  look ' a t  it a t  about t h e  same t i m e .  So we w i l l  t a k e  a 

look a t  one of those  f i r s t .  

To r e f r e s h  your memory, I have he re  a photo of 

t h e  G.E. seal as c u t ,  

(S l ide  4 9 , )  

I be l i eve  you can make it o u t  here .  

This i s  t h e  t o p  of  it. The s e c t i o n i n g  was w i t h  

a diamond wheel. You have a sort of  cap up he re ,  but 

t h e r e  i s  a braze  between t h e  meta l  and t h e  ceramic, This  

i s  hollow i n  here ,  obviously,  f o r  t h e  p o s t  t o  cont inue 

down. ~ n d  t h e r e  i s  a braze between t h e  ceramic he re  and 
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Here is your ceramic here ,  and your metal  here. 

Preswllablythe metal-to-ceramic seal is r i g h t  along here. 

We d id  no t  exanins these areas i n  here ,  but i t ' s  obvious 

from what t he  previous speaker said  t h a t  t h i s  i s  of  i n t e r e s t .  

So we w i l l  take a look a t  t he se  when w e  have a chance, l i k e  

T h i s  i s  an e n t i r e l y  d i f f e r e n t s e a l .  And I b r ing  

t h i s  ou t ,  too,  because again t h i s  has n o t  failed. It's 

one received from Floyd Ford, it was given the number 866, 

and Floyd w i l l  g ive  you the o t h e r  d e t a i l s  about it. 

But,  as ind ica ted ,  t h i s  i s  a ceramic collar. 

The l i n e s  albng here indica ' te  where it is hollow, would 

normally be hollotu. You have a stress relief collar up 

here. Here's t h e  t o p  of your header. There is  a j o i n t  

obviously r i g h t  along i n  there .  There is also a j o i n t  r i g h t  

i n  there. 

T h i s  a l s o  has a seal down a t  the bot ton  i n  t h i s  

generai area here. But, as I said, it is hollow and g x s  

through t h e  middle. 

(Slide 54.) 

This is  an upside-doyn p i c t u r e ,  a l i t t l e  b i t  

c l e a r e r ,  of the polished material. The ceramic is t h e  white 

area here. As I sa id ,  it's upside down. So h e r e ' s  your stres 

r e l i e f  c o l l a r  going t h i s  way, and the j o i n t ,  t h e  brazed area, 
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right in there. Also in there, (~ndicating) 

(Slide' 55.) 

As I said, we were looking for flaws. It was 

not easy to find them. But at this 500X magnification you 

can barely make out something in this general area right 

in here, which is a crack. We do havs it at a higher magnifi- 

cation, but there did seem to  be an area right in this region 

that was going to develop into a crack. 

(Slide 56.) 

I think this is clearer, and it does show --this 

is at lOOOX -- that there is a'crack right in this region, 
... - - -- 

- - 

As I said, we did have to look fairly hard to 

find this. And as of now this is the only flaw we have seen 

in there, 

I would like to ask Floyd now to give you any 

more details on this particular 866, 

FORD: The particular sea; that John has just 

showed you came off an OAO 20-ampere-hour cell, which is a 

.Gulton-type cell, It had been tested at Goddard for jus t  

over 6000 cycles at 15 percent depth of discharge, Xt had 

seen a total operating life of about a year and a half, 

It showed no indications of electrolyte leakage 

by the,chenical leak test during this time period. 

PARK: So it appears as though, at least in this 
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p a r t i c u l a r  i n s t a n c e ,  t h a t  we have found two p a r t i c u l a r  

d i f f e r e n t  types  of s e a l s .  And i n  t h i s  p a r t i c u l a r  i n s t a n c e ,  

aga in ,  none of these were f a i l u r e s ,  i nc lud ing  t h e , o n e  a t  25C., 

of G.E., o r  t h e  40°C. G.E. tes t ,  o r  t h e  one t h a t  Floyd Ford 

j u s t  mentioned, from Gulton. 

A r e  t h e r e  any ques t ions?  

HENNIGAN: Well, ;f t h e r e  are no q u e s t i o n s  w e  had 

better break f o r  lunch. W+?e supposed t o  be t h e r e  a t  

twe lve - th i r ty . .  I t ' s  kind of confus iv r  .i-o g e t  over  t o  

Building 21 ,  so perhaps we'd best fo l low each o t h e r .  

.Would everybody p l e a s e  come back a t  one-f i f  t een .  

(Whereupon, a luncheon recess was taken . )  
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diameter  s t u d  and t h e  ceramic i s  th ree -quar t e r s  of  an inch i n  

o u t s i d e  diameter .  

These cells have been on test  i n  one way or  another  

e s s e n t i a l l y  cont inuously  from t h a t  purchase date t o  t h e  

p r e s e n t  t i m e .  When w e  i n i t i a l l y  tested them on receipt, they  

showed no i n d i c a t i o n  of leakage as i n d i c a t e d  by a phenol- 

p h t h a l e i n  l eak  check. W e  did n o t  do  any kind of  helium leak 

t e s t i n g  in-house a l though t h a t  t e s t i n g  had been done- They 

had successful l 'y  passed t h a t  k ind of tests a t  t h e  manu- 

f  a c t u r e r  . 
During the test program we checked them wi th  

phenolphthale in  a t  i n t e r v a l s  of  about  s i x  months. A f t e r  about 

a year  w e  saw one cell wi th  one i n d i c a t i o n  -- one of t h e  

t e rmina l s  i n d i c a t i n g  a very  l i g h t  leakage as i n d i c a t e d  by a 

red  phenolphthale in  test. 

N o t  long after t h a t ,  one t e rmina l  on one of t h e  

100  L.ampexe- hour cells j u s t  simply gave way, and I ' l l  show 
- 

'you what :I.mean by t h a t  i n  a minute, and t h e  cel l  vented and 

as we expected,  a  l e a k  test on t h a t  cell  showed a g r e a t  b i g  

'bloody mess around t h a t  t e rmina l .  

A t  t h a t  p o i n t  which was, I guess ,  about  t h r e e  

months a f t e r  -- about f i f t e e n  months a long i n  t h e  l i f e  of  t h e  

cells, w e  aga in  tested a l l  t h e  rest of t h e  c e l l s . S i n c e  w e  had 

t h e  b o t t l e  of phenolphthale in  o u t ,  w e  j u s t  thought it would 

be a good idea t o  use it. And lo  and behold,  a t  t h a t  t i m e  
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there was p o s i t i v e  leakage i n d i c a t i o n  on f i v e  of  t h e  50 am- 

pere hour cells. I n  each c a s e ,  t h e  leakage was a t  one of t h e  

ceramic-to-metal braze j o i n t s  and i n t e r e s t i n g l y  enough, i n  

every case it was on t h e  nega t ive  te rmina l .  

I d o n ' t  know what t h e  r e a l  i n t e r p r e t a t i o n  of t h a t  
Q 

p o i n t  i s  as y e t  b u t  it is i n t e r e s t i n g .  

This  inc ludes  t h e  f a i l u r e  of  t h e  t e m i n a l  on t h e  

100 ampere:. hour cell .  That  was a l s o  on t h e  nega t ive  termi- 

n a l .  

A t  t h a t  t i m e  we took t h e  100 amperer hour cell  

a p a r t  and d i d  a more d e t a i l e d  ixaminat ion o f  the terminal .  

W e  a l s o  took one of tile 50 ampere!:. hour cells apart  and d i d  

some m e t a l l u r g i c a l  s e c t i o n i n g  and examination that .  

About t n a t  time we were aware of some of t h e  t h i n g s  

t h a t  Bob Ste inhauer  w a s  saying %is morning i n  terms of  

p o s s i b l e  f a i l u r e  mechanisms for t h e s e  large s e a l s  so we  were 

looking f o r  some of the t h i n g s  t h a t  he  had seen  i n  t h e  

te rmina ls  t h a t  we had. 

I want t o  show you some photographs now of t h e  

t e rmina l s  as they were when they were new and of the one 

te rmina l  which failed and I ' l l  make a few more comments on 

t h a t .  

( S l i d e  57.) 

This  i s  a photograph of t h e  type  of  t e rmina l  seal 

we're t a l k i n g  about  be fo re  i t  is I n s t a l l e d  o n t o  a  cell .  
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(S l ide  5 b . )  . 

This  i s  a photograph of t h e  t e rmina l  on t h e  100 

ampere hour cell ,  t h e  e x t e r n a l  appearance. This  photcgraph 

was obvious taken a f t e r  t h e  cover had been removed from t h e  

cel l .  You can see a crack runing v e r t i c a l l y  from t h e  upper 

to t h e  lower metal p a r t  t he re .  

There w3re a c t u a l l y  t h r e e  .of those c racks  around 

the  circumference of  the inst-! -tor a t  t h e  t i m e  when WLI took 

t h e  cell apart  and as you w i l l  see i n  a minute, t h e r e  was a 

hidden crack t h a t  i s n ' t  obvious from t h i s  photograph, also. 

This  i s  a pol i shed  c ross - sec t ion  -- 
(Sl ide  59. )  

-- of t h a t  same t e rmina l  and i t  shows t h e  hidden crack I was 

t a l k i n g  about,  namely, t h e  crack extending from t h e  o u t s i d e  

of the upper flange d i r e c t l y  radia- l ly  i n t o  t h e  i n s i d e  of t h e  

i n s u l a t o r .  And t h a t  crack was i n  a p lane  perpendicu lar  to  

t h e  a x i s  of the, s t u d  and went completely around t h e  te rmina l .  

Now it i s n ' t  apparent  from t h i s  photograph b u t  i n  

the course  of assembling t h e s e  cells, a l l  of -- I won' t  say  

" a l l "  b u t  most of t h e  i n t e r n a l  void  volume of t h i s  te rmina l  

assembly was f i l l e d  with a n  epoxy r e s i n  compound. Actual ly  

t h e  method of doing t h a t  is t o  i n v e r t  t h e  d i r e c t i o n  of t he  

cell  turned upside down and f i l l e d  to  a c e r t a i n  l e v e l  wi th  

t h e  epoxy r e s i n .  

I n  t h i s  c a s e  we saw t h a t  t h e  r e s i n  had flowed a l l  
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t h e  way up t h e  small space between t h e  s t u d  and t h e  t o p  of t h e  

i n s u l a t o r  b u t  then  t h a t  black spot up t h e r e  a t  the t op ,  up 

he re ,  was no t  completely f i l l e d  i n  t h i s  case  and i n  c e r t a i n  

o t h e r  of t h e  te rmina ls  t h a t  we sec t ioned .  

I d i d n ' t  bring a photograph of the s e c t i o n  c f  t h e  

te rmina l  from the 50 ampere hour cell  t h a t  w e  s ec t ioned  b e c a ~ s e  

it looks t d s e n t i a l l y  t h e  same except  t h a t  w e  could n o t  see 

any cracks  nor could ve see any o t h e r  obvious form of degre- 

d a t i o n  or damage, a t  least by normal microscopic examinzkion. 

So a t  t h i s  moment I am n e t  c c r t a i n  e x a c t l y  where 

t h e  leak path  was i n  t h a t  o t h e r  te rmina l  and i n  many of the 

o t h e r  ta rmina ls  t h a t  are leaking a t  t h i s  t i m e .  

I want t o  make one comer-t ,  though, with r q a r d  t o  

t h i s  and t h a t  i s  t h a t  w e  d i d  determine t h a t  i n  every case  the 

leakage w a s  occur r ing  between o r  a t  t h a t  p o i n t  i n  t h e  j o i n t  

between t h e  ceramic i n s u l a t o r  and t h e  braze  compound, and a t  

no o t h e r  places w a s  t h e r e  any leakage. 

Now I want t o  mention t h i s  because Bob Ste inhauer  

mentioned the bus iness  of zor ros ion  of c e r t a i n  b raze  a i l o y s  

a t  metal-to-metal junc t ions  and thera of course  is  concern 

for t h o  ove r -a l l  s o l u a b i l i t y  o r  c o r r o ~ i o n  c h a r a c t e r i s t i c s ,  

as you wish, of  the b raze  a l l o y . .  But I t h i n k  i n  pe r spec t ive  

i f  you look a t  a l l  of t h e  a v a i l a b l e  d a t a  on leakage, I t h ink  

y o u ' l l  f i n d  t h c t  leakage at t k i s  type of  a t e rmina l  o r  even 

smal le r  t e rmina l s ,  t h a t  a very l a r g e  p r o p o r t i m  of t h e  leakage 
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occurs a t  the cera~riic-to-metal bond and nowhere else. 

So I'm n o t  sure i n  terms of p r i o r i t i e s  whether we 

should n o t  be concent ra t ing  more on the s p e c i f i c  mechanism 

of formation of leak  pa ths  between t h e  ceramic and the braze  

and r e l e g a t e  some of these  o t h e r  po5entiaJ leakage problems 

t o  a lower p r i o r i t y ,  because I b e l i e v e  t h a t  99 o u t  of 100 ,  

i f  no t  niore'of ou r  l e a k e r s  a r e  occur ing because of some 

p a r t i c ~ l a r  problem of  formation of t h a t  bond between t h e  

ceramic and t h e  metal ,  and n o t  because of any i n h e r e n t  

s o l u a b i l i t y  c h a r a c t e r i s t i c s  o f ' t h e  braze  a l l o y  a lone.  

.It has  s3mething t o - d o  wi th  the a s s o c i a t i o n  of 

t h e  braze a l l o y  wi th  the ceramic. 

8 L (Slide off . ) - -.. :- - 

Notii as.,:& r e s u l t  of t h i s  p a r t i c u l a r  experience with 

t h r  p a r t i c u l a r  type  and marufacture of  seal, wr: went i n t o  

high gear on t r y i n g  to  e v a l u a t e  p o s s i b l e  s u b s t i t u t e s  for  a 

terminal  f o r  our  e x i s t i n g  program. W e  were aware, ha& been 

aware f o r  a couple of y e a r s ,  of t h e  work t h a t  GE ??as doing 

i n  developing t h e i r  own sell  and so a t  t h a t  p o i n t  w e  tr ied 

t o  gather a l l  of t he  a v a i L b l e  informat ion on what t e s t i n g  

had been done on t h e  GE seal. 

In  addition,we-- I'm n o t  going t o  summarize t h a t  

because I b e l i e v e  t h a t  the  people from GE are probably going 

t o  talk. t o  you about t h a t  but i n  a d d i t i o n  to what had been 

done, we did sane of our  own in-house t e s t i n g  of t h e  GE s e a l  
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i n  comparison t o  t h e  Ceramaseal.termina1 t h a t  we had been 

using previously.  

W e  d id  s eve ra l  kinds of tests. We d id  what we c a l l  

t he  push-to-failure t e s t  by s t r e s s i n g  the  terminals  along 

both  d i r e c t i o n s  between the s tud  and the outs ide  o f  t he  tenni-  

n a l  t o  see what t he  f a i l u r e  c h a r a c t e r i s t i c s  were. W e  did what 

w e  c a l l  the stress cycle  t e s t i n g  i n  which we cycled a t  a low 

r a t e  at..below the y i e l d  point and then took a look a t  t he  

r e s u l t s  of t h a t  kind t e s t i n g  . 
We d id  some hea t  cycl ing ,  no t  q u i t e  what i s  nor- 

mally ca l l ed  a heat-temperaturi-shock test,  bu t  it involved 

placing the  terminals  i n  an oven prehmted  t o  300 degrees F. 

f o r  an hour and taking them o u t  and l e t t i n g  them si t  a t  room 

temperature to cool nff, azd repezting t h i s  cycle  many t i m e s ,  

and then we followed t h a t  by l eak  t e s t i n g  and meta l lu rg ica l  

examination. 

W e  tried some torquq t e s t i n g  bu t  t h e  r e s u l t s  weren'l 

too successfu l  there, namely because w e  couldn ' t  seem t o  f i n d  

a way t o  grab onto t he  s tud  i n  these terminals  i n  such a way 

t h a t  the  j o i n t  between the lev& arm and the s tud  wouldn't 

give way before t h e  terminal would f a i l .  

But anyhow, we managed to e s t a b l i s h  a t  l e a s t  that 

from a torque s tandpoint  t h a t  a l l  these terminals  a r e  a t  

l e a s t  s t rong enough s o  t h a t  the weld t h a t  we made between our 

handle and t h e  terminals  f a i l e d  first. 
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Then w e  d i d  one o t h e r  k ind  of test  on one terminal .  

The test  w e  did  was t o  f i l l  one of t h e  Ceramaseal-type termi- 

n a l s  wi th  epoxy r e s i n  of the type  s i m i l a r  t o  t h a t  used by the 

manufacturer of t h e  cell ,  then  t o  h e a t  c y c l e  the s t u d  wi th  

r e s p e c t  t o  the outside; t h a t  is, w e  p u t  a d i f f e r e n t i a l  h e a t  

cyc le ,  d i f f e r e n t i a l  temperature c y c l e ,  i n  which the stud was 

cycled through a large temperature v a r i a t i o n  whi le  the o u t s i d e  

was l e f t  wi th  a small temperature v a r i a t i o n ,  and tried to see 

whether that would induce any kind of v i s i b l e  damage or leak- 

age. 

The reason we did that was because one of t h e  

mechanisms or determinants  or what-5ave-you t h a t  was proposed 

f o r  t h e  g r o s s  f a i l u r e  of t h a t  seal on t h e  100  ampere hour 

cell  that I showed you was that i n  t h e  process  of  f i l l i n g  

t h e  i n s i d e  of t h e s e  t e rmina l s  x i t h  epoxy r e s i n ,  i f  then t h e  

cond i t ions  might have been j u s t  r i g h t ,  by thermal ly  cycling 

t h i s  thing, t h e  theory was t h a t  because of t h e  presence of t h e  

epoxy, there would be s u f f i c i e n t  stress app l i ed  to  the 

ceramic t o  cause it to ,  because of t h e  epoxy s t r e s s i n g  the 

ceramic, t o  cause it t o  crack the ou t s ide .  So w e  b r i e f l y  

wanted t o  check on t h i s .  

W e  t e s t e d  f o u r  d i f f e r e n t  k inds  of  spczimens. One 

was a complete terminal, i nc lud ing  t h e  ceramic and t h e  s t u d  

a s  made by Ceramaseal. Another was w e  happend t o  have a v a i l -  

able t o  us, and we were i n  a hur ry  t o  g e t  some r e s u l t s  a t  the 
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t i m e ,  wc happened t o  have a v a i l a b l e  some of the  o u t s i d e  por- 

t i o n s  of t h e  Ceramaseai terminal  without the s t u d ,  so w e  

subjec ted  those t o  c e r t a i n  kinds of stress tests. 

Then w e  had ava i l ab l e  to  u s  two d i f f e r e n t  s i z e s  

of t h e  GE-designed butt s e a l .  One was the smallest one I know 

they a r e  making these days f o r  cells, which was o r i g i n a l l y  

designed I guess for  a 6 ampere hour sized cel l ,  and then a 

s l i g h t l y  l a r g e r  one intended f o r  usc  up t o  a 20 ampere hour 

cell. 

The former i s  about 7/16ths of an inch  i n  diameter; 

t h e  la t ter  i s  about 5/8ths inch  i n  diameter.  

Without going i n t o  a g r e a t  d e a l  of de ta i l  I would 

j u s t  l i k e  to  say that i n  genera l ,  a l l  of the- W e l l ,  let's 

see. W e  had four  each of the medium-sized GE-designed seals. 

W e  had s i x  eac.1 of t h e  sr i~al l -s ized GE s e a l s .  We had four  

of the outs ide  par t  of the Ceramaseal teminals  and we had s i x  

of t h e  conplete  Ceramaseal s e a l s .  So tlwt was our  sample. 

Some of these  were mbjected t o  var ious  tests and 

o t h e r s ,  o t h e r s ,  sc w e  don ' t  r e a l l y  have a very l a r g e  

s t a t i s t i c a l  coverage here, but I thought you might be in -  

terested i n  ths genera l  r e s u l t s  w e  d id  ge t .  

What w e  s a w  on t he  pu.11 tests i s  t h a t  f o r  t h e  

23 I1 Ceramaseal type t h a t  i n  each d i r e c t i o n ,  i n  either d i r e c t i o n  

2 4 / 1  t n e  seals f a i l e d  by a p a r t i n g  of t h e  lower ceramic-to-metal 
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t h e  Ceramaseal design. This occurred a t  a fo rce  of something 

between 1100 and 1500 pounds f o r  t h a t  s i zed  terminal.  I t  

occurred a t  approximately t h e  same force  going i n  eit!!er 

d i r ec t i on ;  t h a t  i s ,  i n  what i s  sometimes c a l l e d  t he  plus-Z 

d i r e c t i o n ,  which i s  going toward the  top  of the cell  i n  i t s  

normal o r i en t a t i on ,  and then t h e  minus+ d i r e c t i o n  is 180 

degrees o f f  of t h a t .  

I n  the GE b u t t  s e a l ,  w e  could no t  g e t  any f a i l u r e s  

of the bond i t s e l f  when the s e a l  was pushed i n  such a way 

t h a t  the fo rce  was appl ied downward i n  the normal cmf igu ra -  

t i o n ,  Yhat is  what I c a l l  the.minus-Z d i r e c t i o n ;  t h a t  is, 

i f  you set t h e  terminal  on a f i x t u ~ e  with t h e  normal terminal 

poin t ing  up and you push down on it, we did no t  g e t  a f a i l u r e  

of any of the ceramic-to-metal bonds u n t i l  e i t h e r  the metal 

of the post col lapsed or the  supporting base s t r u c t u r e  

ca l lapsed,  and t h a t  occurred a t  pressures  - -  a t  a fo rce  of 

something l i k e  f i v e  t o  s i x  hundred pounds f o r  both s f zes  of 

small terminals  t h a t  w e  t e s t e d ,  

When w e  applied t he  fo rce  i n  t he  opposi te  d i rec -  

t i a n ,  t h a t  is, w e  held the ou t s ide  and pushed upward on the 

bottom end of t he  s tud ,  we go t  f a i l u r e  a t  t h e  same po in t ,  

the same bond, i n  all the specimens, namely,-- Well, I 

think I am going t o  have to r e f e r  t o  some f igu re s  here: 

It was a t  the  lower bond of t h e  upper flange. 

L e t  m e  show you some photographs. 
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There a r e  a couple more i n t r o d u c t o r y  ones here. 

( S l i a e  :.' 6 0 ..) 

Herds a photograph of t h e  o u t s i d e  only  p o r t i o n  

of the Ceramaseal te rmina l .  We used t h e s e  p r i m a r i l y ,  as 1 

s a i d ,  because w e  had e x t r a  ones a v a i l a b l e  and w e  could do 

push tests because w e  f e l t  t h a t  w e  were p r i m a r i l y  t e s t i n g  the 

lower ceramic-to-metal bond anyhow. . 

(S l ide -  61. ) 

Here is  a phot~grhph of the outside of the smal l e r  

of the tku s i z e s  of the GE b u t t , s e g l  t h a t  we. tested. 
# 

(Slide.  62.  ) 

Here is  one t h a t  r e a l l y  looks  just the same b u t  

t h i s  j u s t  happens t o  be t h e  ~cedium-sized. Y o u s e e  the s t r u c -  

t u r e  i s  i d e n t i c a l .  

(Sl ide 63.). 

Everybody else is showinp c ross - sec t ions  of t h i s  

t e rmina l ,  s o  h e r e ' s  ou r s .  And t h e  po in t  t h a t  I was making i s  

that- 
- .. . . 

. . - - - .  . . . . . ~ .  -- -- - 

.- - 

When we pushed downward wi th  respect t o  t h i s  ? a r t  

of t h e  base ,  t;?e only t h i n g  t h a t  happened was t h a t  t h i s  metal  

s tr t tc?ure here even tua l ly  co l lapsed  and we stopped t e s t i n g  

because w e  fig:- 5 t h a t  we weren ' t  g e t t i n g  a.rywhere. 

Then when w e  started pushing upward, t h e  f a i l u r e s  
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on a11 of  t h e  samples t h a t  we t e s t e d  were a t  t h i s  lower bond 

between t h i s  f l ange  and t h i s  ceramic member he re  ( i n d i c a t i i i g ) ,  

and the  f a i lu re ' s  were a l l  very  s i m i l a r .  

I d o n ' t  know whether I'd c a l l  i t  a c l e a n  break or  

n o t ,  bu t  t h e  break occurred i n  t h e  ceramic i n  every case ,  

and t h e r e  was a t h i n  l a y e r  of ceramic adhering to  t h e  f l ange  

i n  every case, and it was a f a i r l y  uniform f r a c t u r e  a l l  t h e  

way around. Those breaks occurred a t  about t h e  same f o r c e  

f o r  e'aeh of t h e s e  t w o  s i z e d  terminals, which was a t  approxi- 

mately 400 pounds of f o r c e  appl ied .  

Actua l ly ,  the bond a r e a  i n  these t w o  s i z e s  of  termi- 

n a l s  i s  about t h e  same. The bond area i n  t h e  larger te rmina l  

is  s l i g h t l y  l a r g e r ,  I guess ,  b u t  they are s i m i l a r  i n  bond 

area. 

A f t e r  the hea t  c y c l i n g  t h a t  we  p u t  samples of a l l  

of these through,-- Well, first of a l l ,  we leak tested wi th  . 

a s e n s i t i v i t y  of  approximately 10  -lo cc's of  helium per second 

on a l l  these  specimens be fo re  any of  t h e s e  tests were done 

and w e  satisfied ours:  lves that t h e r e  was no measurable l eak-  

age t o  t h a t  l e v e l  of sensi t iv i ty  f o r  a l l  t h e s e  samples when 

they s t a r t e d .  

Then a f t e r  t h e  non-dest ruct ive  tests we r e t e s t e d  

wi th  helium l e a k  testers a t  t h e  same l e v e l  and i n  no cases 

with t h e  t e s t i n g  t h a t  we did  d i d  we see any i n c r e a s e  i n  t h e  

leak  r a t e  due to  t h e  t 9 s t  environments t h a t  we had used. 
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This  inc ludes  the h e a t  cyc l ing ,  t h e  stress cyc l ing ,  

and t h e  cyc l ing  of t h e  post wi th  respect to  t h e  o u t s i d e  of t h e  

te rmina l  assembly t h a t  we r a n  on one te rmina l .  

Our conclusion,  t e n t a t i v e  though it must be, was 

t h a t  as far as those  kind of tests were concerned, t h e  GE 

butt seal des ign ,  i n  terms of  i n h e r e n t  s t r e n g t h ,  was e n t i r e l y  

comparable t o  t h e  Ceramaseal des ign  and as a r e s u l t ,  we decided 

to  switch p a r t  of  our  p r e s e n t  test  and development program 

over t o  cells having seals -- having t h i s  type  of des ign  and 

geometry. 

Our p r e s e n t  e f f o r t  c o n s i s t s  o f  developing a s i z e  

of t h e  GE b u t t  seal in t e rmed ia te  between t h e  medium s i z e d  

t h a t  I showed you here and a ha l f - inch  diameter  pos t .  3-8 a 

matter of f a c t ,  i n  o r d e r  t o  opt imize weight ,  w e  are developing 

a b u t t  s e a l  des ign  with GE t h a t  h a s  approximately a .35-inch 

diameter  s tud .  

Other than  that ,  t h e  rest o f  the s t r u c t u r e  is 

s c a l e d  propor t ion&te ly .  We do n o t  have any of  t h e w  as yet 

i n  hand. W e  expec t  t o  have t h e  first d e l i v e r i e s  i n  January 

and then we're going t o  repeat these same kinds  of tests on 

samples of  those  t h i n g s ,  and then we w i l l  have a grwlp of 

cells t h a t  w e  w i l l  p u t  under test. 

HEmINGAN: Thank you, D r .  S c o t t .  D o  w e  hove any 

ques t ions  f o r  D r .  S c o t t ?  

One ques t ion  there .  
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MIKKELSON : Mikkelson , Convair 

More of an  observa t ion  than  a ques t ion :  

We've had s0r.e leakage -problems wi th  similar z i n c  

cells a l s o ,  and you mentioa you found a l l  of your leakage 

p ~ i n t s  a t  the negat ive  te rmina l .  This  i s  where we found ours, 

also. We chemically analyzed the f l u i d  and found t h a t  t o  be 

potassium. And again  b a s i c a l l y  the cause of t h e  f a i l u r e  was 

a fa i lure  sf t h s  s e a l i n g  m a t e r i a l  to  adhere t o  t h e  te rmina l .  

It's i n t e r e s t i n g ,  t h a t  winr Leakage is a t  the 

negative t ennine1  a l s o ,  

8COTTf.'. : '  : You s a y  non-adherence of- the s e a l i n g  

ma te r i a l ?  

MIKKELSON: Yes. ' They're n o t  us ing  a metal-to- 
, 

ceramic seal. I n  a s i l v e r  zinc cell you have a d i f f e r e n t  case 

m a t e r i a l  and therefore, a d i f f e r e n t  s e a l i n g  m a t e r i a l ,  

SCOTT:.':; But you are r e f e r r i n g  to  t h e  bond betweel 

the terminal. conductor -- 
MIKKELSON: Yes, I am. 

r .  

SCClTT : . -- and the non-insulat ing p a r t ?  
* .  - . 

MIKKELSON: T h a t ' s  correct, I t 's  j u s t  an observa-. 

along that p o i n t ,  t h e  same l e m h a l .  

th ing  and 

SCOTT: Your remarks r m i n d  m e  t o  s a y  one otner 

t h a t  is t h a t  in looking a t  the two f a i l e i  t e rmina l s ,  

one from 100 ampere hour cell  and one from a 50 ampere hour 

cel l  tha t  we d i d  look a t  c a r e f u l l y ,  we saw h a t  as a whole, 
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- t h e  epoxy p o t t i n g  m a t e r i a l  was i n t a c t ;  t h a t  is ,  t h e r e  was a 

l a r g e  mass of p a t t i n g  m a t e r i a l s  used i n  those  t e rmina l s  

because of t h e i r  s i z e ,  and i n  gene ra l ,  it was a l l  the:.e.. 

However, t h e r e  was one d i f f e r e n c e  and t h a t  !s i n  

the  100 ampere hour ce l l  t h - t  blew i ts  Sack, t h  s u r h c e  of 

t h e  epoxy m a t e r i a l  was a l l  cracked b u t  t h e r e d i d  n o t  appear to  

be cracking through t h e  bulk of  t h e  p o t t i n g  m a t e r i a l  and t h e r e  

d i d  n o t  appear to  be any apparent  pa ths  around t h e  o u t s i d e  

of  the p o t t i n g  m a t e r i a l  between t h e  p o t t i n g  material .  and the 

surrounding rnst,~. 

+A the case of t h e  50 amgrre hour cell  t h a t  was 
- 

l eak ing ,  t h e  p o t t i n g  m a t e r i a l  appeared to  be i n  p e r f e c t  condi- 

t i o n .  There was no t r a c e  cl any damage a t  a l l  and appeared 

t o  be bonding i n  a l l  r e s p e c t s ,  and yet obviously  somehow o r  

e t h e r ,  the "OH had 2enet ra ted .  
a .  . - 

MIKKFLSON: W e l l ,  ou r s  i s  a 100 ampere hour cel l  
\ 

. -. 

s.nd again, w e  rxamiiier! t he  epoxyclike s e a l i n g  material and 

aga in ,  no s i g n s  of any c racks  i n  t h e  m a t e r i a l  i t s e l f .  We 

thought a t  firsk t h a t  the m a t e r i a l  was breaking down, b u t  i t  

wasn' t .  

SCOTT: f cannot say posi tZvely t h a t  t h a e  could . 

no t  be some kind of a f i l m  pa th  between the p o t t i n g  ma to r i a l  

t h a t  w e  were looking a t  and t h e  metal  t h a t  could have led t o  

t h e  leakage. W e  have no t  analyzed $t t h a t  c a r e f u l l y .  

HENNIGAN: One ques t ion  tc fol low t h a t .  Wan t h i s  



4ce - Federal Reporters, Inc 
2 

potted on plastic, the cover? 

SCOTT: Yes, it's a Bakelite seal type material 

and you've got your stud coming up through the Bakelite 

2nd you have to seal the stud to the case and you use an 

epoxy-type material. I won't mention it because I don't know 

whether I'can or not. ' 

\ 

Bqt to answer your question, yes. 

HENNIGiPN: One of the problems we've had with that 

one years ago is it's difficult to get a good seal there 

unless you move the mold release that whoever made the part 

has put on there to get it out of the mold. And that's done 

by sandblasting all seal surfaces before you have put the 

cell together. So this might help you out. 

Mr. Font? 

FONT: Thank you. 

Font, from SAFT. 

With respect to the leakage at the negative termi- 

nal, we have also observed this phenomenon. We have to 

consider that the electrocapillarity of potassium hydroxide 

is maximum at the potential of the negative electrode. 

HENNIGAN: One more question? 

Zarl Carr? 

CARR: I don't have a question, but I have a 
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eb17 1 s ta tement  on t h e  same th ing .  This is  i n  regard t o  some ABS 

2 cel l  case, n i c k e l  cadmium vented type cells ,  and aga in ,  we see 

-.,' . @ 3 the leakage on t h e  nega t ive  L - m i n a l  when t h e r e  is leakage.  
r l  
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We had a n  i n t e r e s t i n g  test  going wi th  some cells 

f o r  F o r t  Monmouth i n  t ha t  i f  you've worked wi th  them, they 

have a t e s t  series f o r  I 6  cells where t h e  cells are divided 
. . 

and subdivided so t h a t  you can trace any one cel l  through 

1 some mixture  of environments. 
I 

I n  j u s t  k ind of an  off-hand t h i n g ,  after we had 

done t h e  tests we no t i ced  w e  had a f e w  l e a k e r  nega t ive  termi- 

n a l s  and w e  went back t o  see what ob t h e  environments, i f  any, 

c o r r e l a t e d  wi th  t h e  cells t h a t  were leaking ,  and w e  found 

t h a t  t h e  leakage was a s s o c i a t e d  wi th  the 30-day c h a r g e r e -  

- tension test. 

HENNIGAN: I *ink it is i n t e r e s t i n g  t h a t  p r e s e n t l y  

t h e r e  are a number of  s p e c i a l i z e d  test  methods, t h e  so-called 

double ammeter method t h a t  Bob Ste inhauer  mentioned e a r l i e r  

being one o f  them, t h a t  a r e  p r i m a r i l y  directed toward measure- 

ment of  co r ros ion  of b raze  m a t e r i a l s  and so f o r t h  a t  t h e  posi-  

t i v e  e l e c t r o d e  and are n o t  r e a l l y  o r i e n t e d  toward t h e  nega t ive  

a t  a l l .  I n  f a c t ,  they r e a l l y  wouldn' t  func t ion  i n  the same 

way a t  t h e  p o t e n t i a l  of the negat ive  e l e c t r o d e .  

And y e t  h e r e  w e  are t a l k i n g  about  most of t h e  

leakage being a t  t h e  negat ive .  I j u s t  sugges t  t h a t  we m i g h t  

t a k e  another  look and make s u r e  t h a t  we're n o t  barking up t h e  
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wrong tree. 

NENNIGAN: Harvey Seiger? 

SCIGER: Several  years ago there was a migration 

problem of s i l v e r  a t  the p o s i t i v e  e lec t rodes  and t h a t  was most 

c e r t a i n l y  due t o  corrosion.  That mate r ia l  had been a potent ia :  
.. . 

of t h e  p o s i t i v e  and those a r e  t he  condi t ions f o r  t he  oxida-;. 
. . 

t i o n  and the re  was migration. 

There were two s t e p s  taken by two d i f f e r e n t  groups 

t o  overcome t h a t  problem, and what you're t a lk ing  about now 

i s  r e a l  progress,  You have l e f t  t he  problen. t h a t  was ex t an t  

at t h a t  t i m e  a t  t he  p o s i t i v e  e l ec t rode  and now you have a 

d i f f e r e n t  one a t  the  negative. 

( ~ a u g h t e r . )  

HENNIGAN : We'd - l i . k . : ?  t o  move along here.  W e  have 

one more paper on the  seals, &d p a r t i c u l a r l y  t he  General 

Electric s e a l  which w i l l  be given by Pete'Voyentzie:of:..: 

Genersl El&ctric,, : 

VOYENTZIE: On the General Electric seal, w e  

s t a r t e d  development o r  evaluat ion  back i n  1967. The main 

purpose was t o  develop a longer l i f e  s e a l  having a t  l e a s t  

an ob j ec t ive  of about t e l  years  and inc iden ta l l y ,  t o  have a 

backup s e a l .  

We decided t h a t  i n  order  IY obta in  a longer l i f e  

seal r i g h t  then and the re ,  back i n  1967, it would be e s s e n t i a l  

t o  remove any copper associa ted  wi th  t h e  seal or braze,  



- Federal Reporters, Inc. 
25 

c o b a l t  and s i l v e r ,  

i n d i v i d u a l  components, p r i m a r i l y  the choice  of ceramic 

t h e  new n i c k e l  t i t an ium braze  f o r  co r ros ion  p r o p e r t i c s  

i n  the case  of ceramic, t e n s i l e  s t r e n g t h  and th ickness  

and so on, and later on,  an e v a l u a t i o n  of t h e  complete1 

assembly. 

( S l i d e 6 4 . )  , 

So t h e  b raze  t h a t  we s e t t l e d  on i s  a 

n i c k e l  t i t an ium al loy between the ceramic and a n i c k e l  cover. 

The pro to type  e v a l u a t i o n  cons i s t ed  of t e s t i n g  of 

and 

and 

l o s s ,  

d 

I brought one of t h e s e  a long j u s t  i n  case you 

hadn ' t .  s een  it. 

(Laughter. ) 
(S l ide  65.) 
i 

%'he proto type  e v a l u a t i o n  on t h e  component, t h e  

ceramic. W e  ob ta ined  large area wafer s e c t i o n s  of about 

one and .a  hazb square inches .  The temperature of the  KOM was 

110 degrees  Centigrade f o r  one month under r e f l u x ,  r e f l u x  

appara tus  actually a t  that temperature;  t h e r e ' s  no a c t i v e  

refluxing, a l i t t l e  b i t ,  n o t  much. After a month, the i n d i -  

ca t ed  weight  loss and t h e  th i ckness  loss. 

The ceramic- Severa l  types  were eva lua ted  

inc lud ing  99 pe rcen t  alumina. Th i s  he re  happens t o  be a 96 

percen t  alumina. 

A t  t h a t  t i m e  back i n  1967 it was our  i n t e n t i o n  t o  

use 99 p e r c e n t  alumina t o  go hand-in-hand wi th  t h e  l o n g - l i f e  

o b j e c t i v e s  b u t  t h e  high alumina t h a t  was a v a i l a b l e  a t  t h a t  
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t i m e  was q u i t e  f r a g i l e  and would n o t  pass  mechanical s t r e s s e s .  

Now the o t h e r  component was pr imar i ly  a seal 

co r ros ion  of t h e  n i c k e l  t i t an ium braze . :  and t h e  a d j a c e n t  

metal which was n i c k e l ,  pure  n icke l .  The seal- I n  the 

case  of t h e  twin ceramic, the  cover was c u t  i n  h a l f .  One 

ceramic was made anodic wi th  respel  t o  i t s  cover.  The braze 

was made anodic wi th  respect to the  cover  and i n  another  

beaker on t h e  h o t p l a t e .  

The other n i c k e l  t i t a n i u m  braze  was made ca thod ic  

wi th  respect t o  i t s  cover.  

We continued t h i s  for one month, day and r i g h t ,  

and then made s e c t i o n s  and what w e  were looking f o r  was any 

depos i ted  m a t e r i a l  t h a t  may,cause s l i g h t  s h o r t s ,  any l o s s  of 

brazed material, any a t t a c k  and s o  on. And i n  the case of 

t h e  n i c k e l  t i t an ium braze i t s e l f ,  it was as s t a b l e  as the 

n i c k e l  cover w a s  under those cond i t ions ,  e i t h e r  anod ica l ly  

o r  ca thod ica l ly .  

There was no v i s i b l e  a t t a c k  up t o  very h igh  magni- 

f i c a t i o n s .  The helium leak check a f t e r  this test was com- 

p l e t e l y  nega t ive .  

Now going t o  t h e  complete assembly, the  . a c t u a l  '. seal 

a torque  i n  t h e  clockwise or counterclockwise r o t a t i o n  of 

the t e rmina l  a t  the t o p  of the cel l  took 20 pounds be fo re  we  

could wreck the s e a l  i n  any way by f o r c i n g  it c l o c k w i s ~ ~ .  

P u l l  t e s t s  i n  t h e  d i r e c t i o n  t h a t  D r .  S c o t t  i n d i c a t e  
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l i k e  pressure from within t he  ce l l , - -  What w e  d id  i s  w e  would 

p u l l  on the terminal from t h e  top -- took a fo rce  up t o  176 

pounds. 

(Sl ide .66. ) 

Afte r  that w e  concerned ourselves with thermal 

stresses. ye took the s e a l  a s  received and w e l l ,  it has t o  

be soldered s o  w e  appl ied a 300 w a t t  so lder ing  iron- It 

says 33 up the re .  And t he  thermal shock f o r  t h r ee  cycles  a t  

t h a t  t i m e ,  30 minutes a t  minus 30 degrees Centigrade, and s o  

on, and 30 minutes a t  p lus  60,  a plunge from one temperature 

t o  t he  o ther  wi th in  30 seconds. 

Now t h i s  was a l l  i n  t h e  sequence you see it before 

we went on t o  recheck f o r  leakage. Had w e  go t ten  a leak a t  

any s t age  of the game we  would have stopped a t  one o r  two, 

and inves t iga ted  fu r the r .  Fortunately,  it d i d n ' t  happen t o  

be necessary, 
- -  - - _  . .  . 

After that w e  took combs and he l ia rced  them t o  t h e  

bottom of the terminal  of the s e a l s  and then he l i a rced  the  
.- . 

cover t o  t h e  seal case. 

Anc? going on now i n t o  t h e  pressure tests, we j u s t  

went r i g h t  on. We pressured cycled from 150 ps ig  t o  38 inches 

of vacuum mercury. The maximum deformation of t h e  cover 

under those condi t ions was 7-1/2 m i l s .  

Well, these happened t o  be regu la r  cells t h a t  we 

were making i n  evaluatdng the  assembly s o  w e  went i n t o ,  oh,  
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the r egu l a r  program of aerospace tests inc luding  overcharge 

tests from zero to  p lus  40 degrees Centigrade. 

( S l i d e .  67.  ) 

Taking those same cells a f t e r  they went through 

acceptance, we took them t o  v i b r a t i o n  and what we d i d  back 

i n  1967 was to  scan t h e  l i t e r a t u r e  and apply t h e  h ighes t  

v i b r a t i o n  l e v e l s  t h a t  we found a t  t h a t  t i m e .  

W e  car. p u t  t h a t  c h a r t  back up a l i t t l e  later i f  

anybody wants t o  look a t  it a l i t t l e  longer ,  

. (Slide 68: ) 

Accelerat ion and shock ,& t h e  l e v e l s  ind ica ted .  

Accelerat ion 50 G's, shock 15 G's. Afte r  a l l  t h i s ,  t h e  seals 

were removed from the cells. W e  washed t h e  seals very 

thoroughly. We d r i e d  t he  seals under vacuum and then  re- 

leak checked under helium aspec t  and found no leaks.  

That i s  what was done, oh, i n  '67, '68,  and NASA- 

Goddard procured some 45,  50 cells,  something i n  that area, 

and pu t  t h e m  on tests a t  Crane, Indiana.  

So life t e s t i n g  has  been done by and l a r g e ,  and 

we've been r e ly ing  on it being done by and l a r g e  by NASA- 

Goddard a t  Crane, Our f e e l i n g  t h e r e  was t h a t  we could test 

t h e  s e a l s  f u r t h e r  ourse lves  from.now to  doomsday b u t  un less  

someone else a c t u a l l y  d i d ,  it wouldn't  do us t oo  much good 

so w e  were fo r t una t e  to have someone else do t h e  t e s t i n g  and 

ca r ry  it from there. 



GE NICKEL BRAZE SEAL 

PRESSltR t 
TEST - 

Figure 64 

CO-NO-(n 
TllERWAL TEST 1. So lder .  Apply wntt nolclt,r 1r1m ~vn 

t r r m l ~ l n  for 2 a1tn1tc.n. 

2. Tttrrm ntwck tor 3 c v c l r n  wl tb  'lo m f m ~ t r s  

a t  - 3 O L C ,  t l tm w i t h i n  30 s r s ~ m l n ,  10 

m i m ~ t r s  at +60'C.  

3. l k l l  Arc cmbr t o  n r r l r .  

4. tiell Arc cover t o  cell cast.. 

Figure 65 

AccELmTIm 
TBT Accelerate 50 8 ' s  for a period of 

5 minuten i n  each direct ion o f  the 

three m t w l l y  perpendicular axer. 

Two 15 g, 5 mrec sawtooth rhock 

pulser i n  each direct ion of the 

three mutually perpendicular axer. 

Total - 6 rhockr. 

Figure 67 



Since these tests, w e  have ac tua l ly  exposed the 
. 

8eals  t o  greater thermal shock from Mnur 60 to  p lus  250 

degrees C. withgut f a i l u r e .  

Thank you. 

8ENNIGAN: Any guest ions?~.  :: Steve Gaston? 

GASTOMt Gaston, Grununan. 

I missed the  a i m  of the c e l l e .  Were they 6 amperc 

hour cells? 

VOYENTBIE: Yes, s i r ,  6'- hours. 

That was the f i r s t  seal a v a i h b l e .  

GASTON: Can you a160 make that seal i n  a larget 

s i z e ,  like for a00 &:.hour? 

VOYENTZIE: Ye'e,.sir. The seal, since that  t h e ,  

has been made i n  6 up to 30-soma amp hour cell which is really 

a 20 amp hour s i z e ,  and w e  have made some 50% a t  the moment, 

and the 100 amp hour a i z e  would use the ram as the 50 amp 

hour s ize .  

GASlW: D i d  you a c t u a l l y  test the larger sized. 

t e d n a l ,  -- 
VOYENTaIE: Yes. 

GASTON: -- the 503 

VOYENTZIE: Y e s ,  sir. They're on cells and TRW 

w i l l  be receiving ronae, ar D r .  Scott pointed ou t ,  and Hughes 

i 8  g e t t i n g  saw .:very ahortly. 

~~~WNIWI Do we have any mre q u e s t i o m  on aeals? 
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(No response. ) 

HENNIGAN: I didn't have any more rpakera listed 

for seals, Did I miss anybody? 

Oh, Bell Telephone) right? 

__ _ . . ___-. -. . -a^- 

MC. HENRY: This here is a diagraa -- 
'(Slide 69. ) 

0 -- of the type of seal that we've been workiirg on for a 

couple of years. Last year X showed this kind o f  seal. It 

was originally developed by Zfegler for under-submarine cable. 

We have modified i.t. Last year we didn't have them 

little rings here and here (indicating) and the old seal-- 

I now ham 4,000 theraral cycles from minus 40 to plus 160 

Fahxgnheit on the old type, It's gone for a year now, cycling 

one hour hot and one hour cold with m failures, We had a 

group of five of them. 

So fer I I O ~ M ~ ,  every-day temperatures it seems this 
. . 

type of  seal is perfectly fine, 
* 

* 

What we couldn't do i a  we couldn't steraliu them, 

the old type of seal, They fail, so we developed thia with 

a couple of supporting rings. We have a central terminal. 

On this particular seal: i t ' s  a quarter-inch diameter tednal, 

The outside diaamtar is half cur ha&. 





We have a polyprophylene seal i n  here. It is 

injection-molded i n t o  the  annulus between thr:poat and the  

barrel. This is a polyprophylene which had a melt.f low rate 

of 3.5 rems per 10 minutes. That is some sort of an ASTM 

designation on the thing. Presumably the lower the flow r a t e ,  

the higher temperature it w i l l  t ake  before it w i l l  melt, 

Now here we have- They say "hard p l a s t i c  ring.. 

I use tefIo.1, It doesn't  have to  be t e f lon  but  it has t o  be 

aoae higher. tenperatwe plastic which w i l l  not flow a t  the 

higher temperatur9s. 

This was an e l d n a  r ing bu t  z i rconia  would work, 

o r  any insu la t ing  material which w i l l  not  'be attacked by the 

alkal i  would be per fec t ly  f ine .  

Then we have a nut  on top where you compress the 

rings between the collar on the bottom and the nut  on the tap. 

This  is t o  prevent-? - .On:: heatirq as t h i s  plastic material wants 

to expand, the compression rings keep it from ge t t ing  out. 

I made a number of seals of t h i s  type using j u s t  

a ceramic r i n g  with no tefloa and I made f ive  of those and put 
% 

them through sterilization a t  135 Centigrade for 72 hours and 

-= ia  1 put t h e m  on my themal cycle. The therzual cycle runs 

f rcm minus 40 Fahrenheit t o  plus 160. Fahrenhai t. 

Generally sparking, th is  type OF seal docs not 

corrode. It has no tailute~mechaaiclm othez than an overheating 

sealhnt ratea!&al and having it flaw. Or if you eye18 it enough 
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flows a l i t t l e  under 

owly deforms. That 

ind  of seal. So 

ic r ings ,  a f t e r  going 

f a i l e d  within a 

r t w o ,  and two out  

cycles  without 

ke a c lose  enough 

s o - t h a t  this materia 

d the barrel, then 

ces were within a 

a 2 m i l l  clearance 

t i n  d r i l l i n g  the  

m i l l  clearance. 

So that  these, i f  they are not  properly made, w i l l  

here,  t e f  lon  w i l l  

, up u n t i l ,  oh, 

e s s e n t i a l l y  is 

flowing by. 

This is a force  f i t .  There is no clearance between 

post on the 

s t o  expand it 

y holds e e  

through a 



larger diameter. 

If you made an a l l - t e f lon  r ing  it would a l l  flow 

out. There's about a 20 m i l l  clearance here, It w i l l  flow 

through that big a hole. 

But these s ea l s  -- I made f i v e  of them t h i s  way, 

put them through the s t e r i l i z a t i o n ,  135 Centigrade f o r  72 

hours, and then I ' ve  been thermal cycling them now f r o m  rhinus 

40 to  plus 160 Fahrenheit and they've gone over 500 cycles 

with no leakage' a t  a l l .  

I de tec t  leakage by 'using w e t  p H  paper. I feel 

t h a t  ' s' mare. sens i t ive  than' pheriolphthalein, 

I trked helium leak tests on this but  it seemed tha 

a w e t  tenninal  does not  leak t o  helium..:;i.Even..though X .  know 

it leaks, i f  you put  helium i n  the can, it doesn't come ou t  

i f  the terminal is w e t .  If i t 's dry it w i l l  show up i n  a leak 

test, but  apparently that does not work w e l l  on a w e t  seal .  

The phenolphthalein or p H  paper is much more sens i t ive  than 

the helium leak test when you have a seal t ha t ' s  been w e t ,  

And essen t i a l ly  t h a t  is a l l  there  is to it. It's 

a very simple s e a l  t o  make. If you do use the p la s t i c ,  you 

know, t h e  t e f loh  backup r ings  it takes very l i t t l e  talent to  

put  the thing together and although I 've only made the  f i v e  

of them, they have gone as  far as 500 cycles and they don ' t  

seem to leak at a l l .  . 

The slnilax, smaller Ziegler seal has shown a year 
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of thermal cycling with no leakage and the o ld  type Z i eg~e t  

seal,. we had f !.f t y  .of those on the Teles ta r  batteries t h a t  

went nine years without leaking, but they wwe j u s t  s i t t i n g  

there, you know, on storage.  They ran  through a pear o r  so 

of low-rete. tests. 

But it appears t h i s  kind of s e a l  i s  very simple t o  

make. It takes very l i t t l e  t a l e n t  t o  pu t  it together  and 

a s  long as ycu don't overheat it, they seem t o  go on forever. 

That 's  e s s e n t i a l l y  a l l  there is 20 it. 

HENNIGAN: Steve Gaston has a question. 
. . 

GASTON: Gaston, Grumman. 

&at is the largest size  terminal  you ever tested 

or even constructed and evaluated? 

tried anything bigger than that. 

1 neglected t o  t e l l ' y o u  that this th ing  i s  cam- 

than ryc~ l  :*coslpi'esr'&hWtkrel and this pu t s  a compressive force 
. . . .. . 

on the polypropylene ins ide .  
- - .  . -  

GP.&iTONt Do you see any problem i n  going to a large 

s i zed  terminal like a ha l f  inch diameter? 

MC. HENRY: The only problem I can see is t h a t  

eventual ly you w i l l  get to the poin t  where your outs ide  

barrel is ao b f g - . i t  w i l l  bucklerwhen you r a d i a l l y  compress 

i f  you have too th in  a w a l l , ' i ~ t e a d  of g e t t i n g  smaller i n  
! 



diameter, it w i l l  buckle. I haven' t  gott,en it t h a t  rrize yet. 

I think I could p u t  a 5/16ths-inch r p ~ c  i n  the 

a e a l  I have now bu t  I 'd  have t o  make a bigger barrel. I 

th ink  for  a ha l f  -inch #.. :pm* .* : 1.W nead.:aboat a 3/4-inch 

b a r r e l a b o u t  an inch ta l l .  'b 

OIROURKE: Joe  O'Rourke, G r m a n .  

It seems t o  m e  l i k e  from t h e  p i c t u r e ,  one critical 

aspect of the terminal  was how f a r  down you t i g h t e n  t h a t  nu t  

onto  the polypropylene. It *at torqued to a value or -- 
- ----.- - -  ---- ______ 
HC HENRY: No, you dimply t i g h t e n c i t  down u n t i l  you 

have' no clearance.  As long as 'that material is not  allowed 

t o  flow out- I t - h a s  t o  f l o w  a p r e t t y  good d i s tance  before-- 

As long as you t i gh t en  it down and you've got no a i r  spaces 

i n  there, it 's f i n e ,  

As the material warms up it get: bigger and the 

t e f l o n  w i l l  ge t  bigger, too, and t h e  metal p a r t s  don' t .  They 

have about one-tenth the thermal t r a n s i e n t  c o e f f i c i e n t ,  so 
- . .* 

that the polypropylene r e a l l y  c a n ' t  get very f a r  unless  youlv 
. . - .  - - - 

l e f t  a large space, but .o therwise  it 's no t  cri t ical ,  

HENNIGAN: There's i n o t h e r  ques t ion  back there .  

KIPP: Ed Kipp, Gulton, Indus t r i e s ,  

What s o r t  of a mechanical j o i n t  or bond did you 

have between the barrel and what would be the cover of the  

cell? 

MC HENRY: We used Nioro braze, the r e a l  cheap 



troublacl with tha t .  We have never tried anything else because 1 
essent ial ly--  Well, l i k e  aerospace cells, we have put  enough 

money i n  so you don' t  f a i l  f o r  stme t r i v i a l  reason. When you 

f a i l ,  you want t o  fail for a good reason. ' 

(Laughter . ) I 
RUBIN: Rubin, Tyco. 

Ed, did you i n s e r t  the ceramic and hard rubber I 
washer beforexx after the radial crimping? 

MC HENRY: It was a l l  assembl'ed before you crimp 

it. L e t  me put the slide back on again. 

You have a taper'here on the top  and the bottom. I 
Your crimping tool only extends from here to  here and so when I 
you compress it, ac tua l ly  these last couple of threads tend 

t o  f l a r e  outward a l i t t l e  bit-- W e l l ,  they don ' t  flare out;  

the whole th ing is pushed i n  which gives them t he  appearance 

of f l a r i n g  out.  

So the re  is no cornpression .on the tap. You 'don' t 

compress the ceramic. ri~g~al.;AP1+.;:1~:'rTh~f~0h2~ cbmpr&ssion there i 
-.. . 

when you conpress the barrel, the polypropylene wan- to  go 
. - ~. - -  . . . .--___ 

o u t  through the top but  it can't .because o t  those r ings ,  s o  

that would pu t  an a x i a l  compression on those r i n g r ,  bu t  there 
I I 
' is  no radial eompremsion. 
I ~ HENNXGAN: Are there any more questionrr? 
I 



Steve Gas ton. 

GASTON: Garton, Grumnran. 

I have a general question. I wonder i f  any repre- 

sen ta t ive  from Ceramaaeal is  here and has any comments from 

the f indings which were made and which were discussed today 

and i f  any solut ion or comments on that-point .  

~~r There are some people from Ceramaseal. 

It's up t o  them i f  they want to.speak. 

Mr. !turner? D i d  you hear the  question? 

TURNER: I didn ' t hear the whole. question, no. 

GASTON: I:.wonder i f  Ceramaseal has any comamnts 

on the f indings which were presented and possibly some of the 

shortcomings which were pointed o u t  on the Ceramaseal type 

terminal? 

TURNER: W e l l ,  I think the re  are a few th ings  t h a t  

we can say. Many of you folks may not  know how w e  got i n t o .  

this ba t t e ry  business to  starttwith. 

About ten years  ago we g o t  involved w i t h  GE because 

we had a seal that seamed r e s i s t a n t  t o  KOH when most of the 

commonly commercial seal8 w e r =  not. Up u n t i l ,  oh, three years - 
ago, I think about the tinu the NASA s p a  warr being wr i t t en ,  

what we were supplying to  GE and to  Gulton were general ly  

commercial -- 80-called commercial seals. 

A conccrrted.effort  war never made to  g e t  zero de- 

fects, so to speak, out of what we were building.. What w e  wer 



. 
building were modifications of commercial seals, adapted to  

ba t t e ry  hardware, t h a t  i g ,  the s t a i n l e s s  steel ba t t e ry  cover 

and e s s e n t i a l l y  a n icke l  stud. 

As the requirements became more depanding, w e  made 

some modifications i n  our s e a l  system t h a t  we f e l t  would make 

the s e a l  more r e s i s t a n t  to t h e  e l ec t ro ly t e .  T h i s  e s s e n t i a l l y  

a m ~ ~ t e d  t o  some changes i n  brazing material without changes 

in the component hardware or the base ceramic material .  

Recently there has been a concerted effort by 

ba t t e ry  :isera "; ask: for something t h a t  is somewhat more 

sophis t ica ted  than t h a t  which we  regarded as kind of commercial 

work. The spec i f i ca t ions  t h a t  we have received from battery 

suppliers and from ba t t e ry  users  have been implemented i n t o  

our system and w e  have wri t t en  spec i f i ca t ions  as w e l l  which 

have been d i s t r i b u t e d  to b a t t e r y  people which r e s u l t  i n  much 

t i g h t e r  con t ro l  of mate r ia l  and o f f e r . s u b s t i t u t e s  i n  component 

form t h a t  are laore adaptable to battery work spec i f i ca l ly .  

Now we have offered i n  the p a s t  t o  some of our  

ba t t e ry  customers designs which we have fe l t  were more su i t ab l t  

for ba t t e ry  use; that is, ins tead  of taking what we have 

adapted from comnrercial quality seals, we have designed somew 

th ing t h a t  we thought would r e s u l t  i n  lower losees by us ,  lowel 

losses by our U S e Z 8 ,  and c e r t a i n l y  less -- lower leak rate, 

perhaps even lower than the half to one percent  that  has been 

encountered i n  the s i z e s  up t o  20 amp hour in the past. 



This has almost always been turned dawn on the 

premise that  there  i s n ' t  t i m e  to fund, although the funds 

weren't s ign i f i can t ,  there wasn't t i m a  primari ly t o  buy and 

bui ld  and test the seal and introdbce it i n t o  programs t h a t  

are cur ren t ly  exis t ing.  We have offered these kinds of ideas 

but  they have general ly been unacceptable f o r  those reasons 

u n t i l  very recent ly  when we made a proposal t o  Eagle Picher 

on a 20 amp s i z e ,  u t i l i z i n g  a design which w e  think optimizes 

the s i m i l a r .  s i z e  that has been used for 20 amp except it 

incotporates  a higher percentage of aludna, .hardware that 

eliminate9s copper and e l i m i n a t e ~  some of the o t h e t  objection- 

able materials, calls fox f i t -ups  of mater ia ls  t h a t  optimize 

brazing conditions s o  that the p o s s i b i l i t i e s  of obtaining 

e s s e n t i a l l y  no losses by the  ba t t e ry  user  can be obtained. 

Now these have not  been delivered. We have reooz- 

nized one problem recent ly  i n  what w e  manufacture, that being 

the  glaze  on the outs ide  of t h e  ceramic. This has been used 

i n  commercial seals s inp ly  to  allow easy clearning of the 

ceramic. It perform no other function. It doesn ' t  make the 

ceramic gas- t ight  or eliminate- the porosi ty that  people might 

f e e l  is there.  

The recommendation by us on one program to a 

ba t te ry  customer, t h a t  is, the  de le t ion  of glaze, was un- 

accepted k c a u 8 e  i n  the words that w e  g o t  back: Don't change 

the design. Don't Puke it better. Junt make it l i k e  you made 



it before. 

-The user i n  this case happens to  be NASA, -- 
(Laughter.) 

-- not NASA-Goddard, however; i t 's  NASA-HuntLville, 

W e  t U d c  some of the r e s u l t s  t h a t  Bob Steinhauar 

has shown i n  his slid~s and some t h a t  W i l l  Scot t  gave to us 

v i a  our battery castoaaars show t h a t  the titanium-enriched 

areas t h a t  a r e  referred to  by Bob are enhanced by the g la re  

being i n  the area. 

The glaze as you f o l k s  .may have seen it i n  the pas t  

L s  on the,area directly adjacebt to the braze. However, the 

glaze penetrates the body,. s ince it is a s i l i c a  or glass, and 

it not only penetrates the body i n  the aren i n  which we want 

it; it also runs out ,  s o  t o  speak, And...dawn:into i n  many 'cases 

1 .  ..... ,.. the. seal:.-. ..t; S .  .-..-Li..z. 

W e  have found this true recently and it was cause 

f o r  a very serioaa problem i n  our p lan t ,  and t h a t ' s  the reason 

we recosnraandded the change i n  the NASA job. 

We think-- It is not only titanium enrichment t h a t  

Bob refers to but khe primary pmtjlem there- Well, he refers 

t o  it as the ti;d dwell a t  temperature.. The zea l  problem is 

that there  is glaze i n  t h i s  a r e n  and the glaze not  only 

weakens the area but it a l s o  allcnre grea ter  p n e t z a t i o n  by 

the titanium i n t o  the body; hence that cracking area or that 

daskeaed.azea-which resulta i n  cracks, 
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Now we've seen it i n  lots of commercial seals over 

the years. It's not  an uncommon thing. In commercial seala 

it is not something we regard arr unacceptable. It's ramething 

t h a t  we l i v e  with because customers w a n t  glaze. They like to 

be able to  clean 9 t  eas i ly .  

The SO-arag and 100-amp s i z e  t h a t  we= shown by 

Bob and referred t o  by D r .  Scott ,  we supplied those t o  three 

primary battery ~ u p p ~ i e r s  that were r e f e r r e d . t o  and there w a s  

not an effort made on thote parts to optimize conditions fo r  

battery use. That i8, we used n~terials t h a t  wen essen t i a l ly  

designed for commercial applications - i n  this care the large 

size was t r ans i s to r  applications, or rectifier application -- 
and simply Wif ied  those materials t o  f i t  them to  p rac t i ca l  

battery s izes .  

This was done because of cost, 'kertainly a coneidea 

t i on  though it i r  s c x m ~ t 3  referred to as not'a consideration, 

and probably prinwily t ime. . 

We have since examined tbe mat@.als more closely 

and i n  keeping w i t h  the' current  spec i f i ca t ions  t h a t  are now 

availabJ.e, a l l  of these th ings  have been tightened up$ that 

is, the control. on a l l  of the component8 t h a t  go i n to  these 

battery seala have been made such .that the variables are going 

to be miniwired and perhaps eliminated, so that the corrsistenq 

fran unit to u n i t  w i l l  be optimized. 



look to  us from the pic tures  we had seen previously to  this 

meeting, those t h a t  had mater ia ls  on the outs ide  of t h e i r  

tolerance range which gave ua pr'obably the wor8t condition 

t h a t  could ex i s t -  For example, it may no t  have been evident  

there but  the braze mater ia l  on tho8e lower c o l l a r s  wa8 proba- 

b ly  as th ick  aa the hardware i tself,  which was a very un- 

acceptable condition. 

I t %  acceptable for  colnmerciaL wotk but  i t ' s  

probably not  acceptable f o r  ba t t e ry  work wluere we don' t  want 

t he  s t a r t i n g  of a crack s o  that w e  don ' t  get creeping i n  

or we don' t  want it because we don ' t  want t o  l i v e  with cracks 

propagating after thermal cycl ing condit ions or  such. 

We think that we 'have redesigned there th ings  i n  

such a fashion t h a t  they ate going t o  ba better units. I 

think the u n i t s  t h a t  I referred to e a r l i e r  a s  going to  Eagle 

Picher on the 20-amp s i z e  w i l l  subs t an t i a t e  tha t .  There condi- 

t f o m  have been made such that  consistency ought t o  be very 

c loae  from u n i t  t o  u n i t  and f th iak  the r e l i a b i l i t y  upon test- 

ing  w i l l  show t h a t  improvement w i l l  be s u b s t a n t i a l ,  even bettm 

than the leak rate that has'been referred t o  as one-half per- 

cent. 

HEIWICIIN: Thank you, M r .  Turner. 

Dave Caex, a question? 

BAER: I've a quest ion for M r .  Turner 

I'd? like ta know how he feels about pu t t i ng  epoxy 



I 

i n  the cav i ty  between the  ceramic and the post ,  

TURNER: Well, t h a t  hasn ' t  been our idea. We have 

been aware t h a t  same ba t t e ry  supp3iers use t h i s .  Dr. Scott 

referred to t h e  problem of breakage as the r e s u l t  perhaps of 

t h a t  condition, We have ac tua l ly  seen that; a t  least it is ou2 

bel ief  that t h a t  has occurred on a 6-amp size t h a t  we s a w  

years ago, 

The epoxy having an expansion about t e n  tiks 

greater than ' t he  n ickel  s tud and even a greater amount t o  t h a t  

of the ceramic, it exer ts - -an  enonnous force when it 's heated. 

Whether it p ro tec t s  the bonds or not subs t an t i a l ly ,  I don ' t  

know, 

Bob referred today+o it pro tec t ing  t h e  bond, the 

copper that he referred to, and the  fact that there was epoxy 
* 

on it d i d n ' t  allow the copper to  migrate out. W e  don ' t  know 

of any tests ourselves tha t 'we  have run t h a t  would i n d i c a t e  

t h a t  it 's g@ or bad. 

HENNIGAN: Earl  C a r r ,  a question? 

CARR: E a r l  C a r r ,  Eagle Picher. 

I 'd  l i k e  j u s t  to  say a f e w  things about t h e  seal 

that Bob j u s t  referred to. 

We have, as he said, accepted a proposal from them 

f o r  an qdvance design but  it's not  a drastic great l eap  forwad 

but progreers is aomatime~ made an inch a t  a time. And we do 

feel that t h i s  irr going to be a good thing. 

e 

2,. . 
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This work, point,  and the reason I wanted 

the microphone was just t.o say that this is part of the work 

that mare going on a prmess variable study -- that's NAS- 

521159 -- and it's a pretty wide, encompassing program, but 

t h i s  is  the work that  i r i  being done. 

The othor work other people such as Hughes and 

TRW has shown some problems recently and this is what we have 

done to improve the teclmlogy, So let's say- You know, 

maybe some NASA agenc ie~  say, "Well, we can't change the 

Sesign because it's qua3ified and you can't touch anything," 

but at l east  on this NASA program we are incorporating an 

advance design. 

There's another question. Did you have a questiox 

GIBNDEL';. : Gande.1. Lockheed. For IYr . Turner. 
' .  

Did you say the glaze material was a glass, a 

silica? - 

TURNER: Yes. 

GANDEL: Wouldn ' t this be susceptible to attack 

by KOH? 

TURNE3: Always on the outside, 

side of the cell .  

Always on the air 

GANDEL':. Okay.' And if you don't have the glaze 

then what is the porosity of the unglazed ceramic? 

TURNER: It's essentially zero. There is no 

porosity. 
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HENNIGAN: By the  way, i f  anybody would l i k e  t o  

take a look a t  a Ziegler seal we have some on a cell over 

here. It's the seal that McHenry talked about. It's on a 

T I ,  Texas Instruments, cell, Pleabe don't take the cell be- 

cause they're kind of hard t o  get these days. 

(Laughter. ) 

HENNIGAN: Gerry has a couple of antiouncements, 

then w e ' l l  have a coffee break and then we'll start  on the 

cell performance, 

HALPERT: We' 11 take,  hopefully, a ten-minute 

coffee break. 

W e  do have some items that you may be in t e re s t ed  

i n ,  some items t h a t  developed a t  NASA, a new integrator, a 

ce l l -p ie rcer  f o r  analys is  of gas from both sealed cells and 

f o r  p l a s t i c  cells, and a metal case opener, so i f . y o u 8 r e  down 
_ A _ _ _ _ _ I . _ _ _ . _ _ _ _  -.. - 

i n  this area and you want to take  a look a t  the  items you are: 
-- . . . --A ---- .-.-- .. ... . .- . . ..-- --, .---- .- - --- -- 

welcome t o  do t h a t ,  
- .. .. - 

HENNIGAN: I 'd l i k e  t o  thank all o f  the p a r t i d p a n *  

here, t . 

HALPERT: The second cup of coffee  is free, 

(Laughter. ) 

(Recess, ) 



HALPERT: Gentlemen, we're ready to start the 

second..eegment, We're about three hours late but I think 

we've got quite a bit of interesting information, and I hope 

we can continue to do so, with a little more participation 

perhaps, 

Two items just before we get started: 

If you didn't get one of these entry passes -- ' . i .  
it will save you a lot of problems tomorrow -- 1'11 be glad 
to give you one, so please, stop me as I walk down the aisle, 

The second point is Tom mentioned an addrers 

this morning of William Woodward, Can you all see..that on the 

screen? William Woodward, Director, Space Propulsion and 
' 

Power, Code RP, NASA Headquarters, Room B-568, Washington, 

Tell him about the problems and how cjoddard is 

helping to solve them, . 

At this point we have some very interesting work 

to discuss and Floyd Ford, whom many of you know, has been 

involved quite a bit with cell experience, and specification 

experience. Floyd knows what's happening and he is going 

to chair this session, 

I'll turn tho meeting over to Floyd. 

FORD: Good afternoon, 

The day I find out anybody that knows what's going 

on with batteries, I'm g0in.g to get out of the field. 



I concentrated our  discussion on separa tors  and ' s ea l s  which it 
I I 
takes t o  m a x e  a good, reliable cell. Personally I have an I 
i n t e r e s t  i n  t h i s  because this is what it takes  t o  get a f l i g h t  

q u a l i t y  battery. 

I But on the o the r  hand, I have an equal i n t e r e s t  

i n  how these cells perform day one, one year, f i v e  years ,  and 

people a r e  t a lk ing  rbout seven to  t e n  years today. I ' m  

i n t e re s t ed  i n  how I can look a t  &nufacturers '  data and make 

predidtons on what these cells w i l l  do under many types of 

applicat ions.  I n  fact, the types of appl ica t ions  is a s  var ied  

as the manufacturing processes ava i iab la  t o  us. 

I n  p a r t i c u l a r ,  how does a cell perform f o r  each 

p a r t i c u l a r  appl ica t ion?  How can we p r e d i c t  its performance? 

And how can we, based on understanding the .perfomance of a 

cell o r  a battery, how can w e  design a system accordingly? 

There's two philosophies. One is you improve the  

product t o  make it do what you want. The second one, being 

a user over 50 percent  of  the time, w e  design a system t o  be 

compatible w i t h  the product. And t h i s  afternoon, that's t he  

area I th ink we w i l l  dwell on, making the system compatible 

with the  bat tery .  

We have four  or poss ib ly  f i v e  planned 'presentations 

th ia  afternoon. They d e a l  from pulse  charging to  pred ic t ion  

method* t o  f l i g h t  performance data, and then this sabsion a l s o  
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covers experience with speci ' f ica t ions ,  ... 
Since 1968 p r a c t i c a l l y  everyone i n  t h i s  room i n  

some way, shape or form has heen toucAAad by spec i f ica t ions ,  

process spec i f ica t ions  i n  pa r t i cu l a r .  I n  1968 we instituted 

c e r t a i n  con t ro l s  and q u a l i t y  assurance po in t s  i n  the process. 

As such, we have been co l l ec t ing  data.  Some data we r e a l l y  

d i d n ' t  know how t o  use; some data today we don ' t  know how t o  

use. 

We are a poin t  i n  t i m e  where w e  had better s top  

and look and see what we've done now f o r  t h r e e  years ,  what 

improvements have we made,. what improvements can be made i n  

the next  three t o  five years. What does a l l  t h i s  data mean 

to u s  that we have? 

You saw t h i s  morning d i f f e r e n t  types of separator 

tests. How do we cor ro l a t e  those types o f . t e s t s  i n t o  cell 

performance? We have d i f f e r e n t  types of e lec t rode  capaci ty 

tests. W e  have carbonate ana lys i s  being done. How do a l l  

these f i t  i n t o  the t o t a l  p i c t u r e  of cell  performance? 

Those are the ideas I'd l i k e  t o  discuss  this 

afternoon and I hope we can s t imula te  your thoughts and your 

contr ibut ion i n  these areas.  

To lead of f  t h i s  af ternoon's  d iscuss ion on cell 

performance and experience with spec i f i ca t ions ,  we have 

Mr. B i l l  Boyd of the 'u t ah  Research Cente r ,and  h i s  t o p i c  i s  

puise charging. 



Mr. Boyd. 

BOYD: Gentlemen, I will first apologize f o r  my . 

voice. I spent  l a s t  week up i n  S e a t t l e  pu t t i ng  a p ~ l s e  

charger on an A-6-A Navy bomber and the  e n t i r e  week was on the 

wing, it seemed l i k e ,  tak ing data and s o  cn, so I have a cold 

'and I can't t a l k  too w e l l .  

May I have the first s l i d e ,  please? 

(Sl ide 70.) 

X rnight say thie presen ta t ion  was given about four  

weeks ago i n  Cleveland a t  the ~ i e c t r o : ' c h e m i c a l  Society and 
- 

Gerry ~ h l p r t  asked i f  I would j b s t  coma and give  b r i e f l y  - . 

p a r t  of the data .which may be r e l a t i v e  to the techniques 

t h a t  might be used on sea led  cells. 

I might a l s o  say that the work we have done almost 

e n t i r e l y  is on vented cells, s o  keep that i n  cons idera t ion ,  

i f  you w i l l .  

I would l i k e  f i r s t  of a l l  t o  def ine ,  to  a t  least 

Utah Research, what is a pu l se  charger. We f i n d  i n  indus t ry  

t h e r e  are d e f i n i t i o n s  going around and we''d l i k e  a t  l e a s t  t o  

g ive  you ours  i f  we poss ib ly  could. 

Now t h i s  happens t o  be .;the charger aboard t h e  747 

Boeing a i r c r a f t .  It also is on the 727 and the 737. They 

cal l  this a pulse charger f o r  only one b a s i c  reason. You w i l l  

note i f  you w i l l ,  t h i s  happens to  be the  cu r r en t  discharge 

caused by the i n t e r n a l  APU drawing 871 amps f o r  about ten 



seconds. I t  then drops to  448 amps, l a s t i n g  approximately one 

minute, 

Then normally as t he  a i rp l ane  takes  o f f . t h e  ground 

the  charger goes on. The vol tage rise p r o f i l e  is as you see 

here. Time, by the way, i s  t h i s  d i r e c t i o n  ra thex than i 

the normal d i r ec t i on ,  

The vol tage  rise of course is very t y p i c a l  of  a 

cons tant  cu r r en t  charger but no t i ce  t he  cu r r en t  mode i f  you - 

w i l l ,  The cu r r en t  of the charge begins a t  80 amps o r  88 
. . 

amperes. Xow this b a t t e r y  is normally a 34  anhpere hour 

b a t t e r y  b u i l t  by GE. The cu r r en t  then decreases down i n  about 

oh, 15 o r  20 minutes, and then as t h e  vol tage  rise p r o f i l e  

a t t a i n s  approximately 27 v o l t s ,  t he  charger is. turned off and 

as the vol tage  now drops down, the charger goes back on and 

then a pulse mode begins, and every s o  many seconds a pu l se  

occurs u n t i l  e i g h t  or nine pu l ses  are accomplished. 

This i s  c a l l e d  a forced mode pulse  charger,  

Now again,  w e  don ' t  c a l l  this a pulse  charger as 

we de f ine  a pulse.  

May I have the  next  s l i d e ,  please? ' . . I 

(Slide 71. ) 
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Comparative tests run on the 747 w i t h  the Utah 

charger using a pulse  mode. You w i l l  no t ice  again the same 

kind of discharge p r o f i l e  because that was required.  On the 

voltage rise, a very similar vol tage rise, but  now i f  you will 

note what the cur ren t  looks l i k e ;  again almost a pure constant 

cur ren t  charge, i n  t h i s  case 52 amps f o r  a 34 ampere hour 

'ba t tery .  

Again we cont ro l  much t h e  same. As t h e  vol tage 

rise occurs w e t r i p  ou t ,  w e  decrease the cur ren t  down t o  a 

very l o w  mode, normally about C over 4 ,  C'over 5, or some- 

thing similar; i n  this case,  7 amps. 

I n  that case of course the voltage rise now main- 

tains a r a t h e r  l ~ x g e  plateau;  a high pla teau,  and tops the 

battery ou t  very w e l l .  

L e t ' s  look a t  the  a c t u a l  pulse  i f  we can. 

Next slide, please,  

(Slide. 72.) 

T h i s  is how the a c t u a l  cu r ren t  is going i n t o  th8 

battery. We're using SCR cont ro l s  and .I'll show you a 

schematic i n  just a minute. But these pulses i n  t h i s  case 

i n  t h i s  p a r t i c u l a r  value here -- and this trace was taken from 

a 2-1/2 ampere hour cell,  a small  pne we had a p i c t u r e  of -- 
the  peak, y o u ' l l  no t ice  here, happens to  be 4 3  amps o r  almost 

20 times the  average inpu t  current .  

The rep r a t e  i e  i t 3  about 6 pulse8 per second 



i n  t h i s  case because of t he  low averags values,  

Notice a l s o  this is the zero po in t  when the SCR 

tu rns  on. X t  ha8 residual going negat ive which is alwaya a 

common th ing  i n  the charger. 

Next slide, please. 

(S l ide .  73. ) 

This is upside down, but l e t  it go. Itya good 

enough. We can talk about it. 

One charger we have made only three copies ,  one 

which went t o  Bob Steinhauer ateHughes and two went to F o r t  

M o ~ I ~ I o u ~ ~ .  It  was an at tempt  to build a charger  t h a t  would 

have complete va r i ab l e  aspects  on the average charged cur ren t s  

and the peak cur ren t ,  the average running from zero to  50 

amp and the peak going from zero  to 500 amps, independently 

va r iab le ;  also being able t o  change the waveform both i n  

width and so on. 

I n  t h i s  case,  now the peak here is 300 amps and 

t h e  r e p  n w  i s  approximately 30 cyc les  per second. This i s  an 

average of 50 amps approximately. 
- .  _ _ -- I .  

., . - 

Along w i t h  the c u r r e n t  i t a e l f ' w e  have theae pulse  

frequencies varying. One ct i t ical  aspect we feel that a 

charsex ought to  have, a t  least i n  t h e  vented cell work, i s  

I 





having the  c o r r e c t  charge mode of con t ro l .  "or one t h i n g  we 

know, as t h i a  sliee w i l l  show naw, -- 
(Slide.  '74; ) 

-- ii you vary the charge r a t e ,  of course the charge voltage 

can varyigoing from C over 10 t o  perhaps ZC, you have almost 

a complete 2 v o l t s  difference on a 19 cell battery, and s o  i f  

you're' going t o  con t ro l  off a vol tage  sensing system, you mus 

change t h a t  sensor  w i t h  the rate of charge as this slide w i l l  

show. 

- - - -- -- - --- ____ _ 
These data are taken from Roeing, by tT.a way, aga 

people who worked on the 747. 

That's f i ne .  

What happened here is  a s i n g l e  cell was wed t o  

vary the charge rate and they would go fran C a,er 3 to  2C 

i n  steps of one minute dura t ion  of  t i m e  as you can see here, 

and then going up t o  2C would c u t  it back and rest it for a 

period of time before s t a r t i n g  a second sweep. 

Notice i f  you w i l l  again the p o t e n t i a l  var iance 

on a single call a t  the var ious  ch-ge ratem. 18m aura you a 

a l l  aware of these  curves brrt again,  on t h e  higher  p la teau ,  

you're spra td ing  almort .2 of a volt tor a s i n g l e  cell and 

almost 4 v o l t s  again for 19 cells. 
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r e a l l y  saying that i f  you're charge 

and control  the charge by a voltage sensing system, it  should 

be variable and dependent upon the charge rate. 

Next slide, please. 

(Slide ' '75 J)  

The same thing is true, by t h e  way, of temperature, 

and very c r i t i c a l l y  so. The majority 'of problems on the a i r -  

l i n e s  today and of course the mil i t a ry  aircraft are based on 

temperature.. 

Now Monday I was w i t h  the people a t  Trans World . 

~iilines and-you can ' t  imagine the extreme cos t  that t h i s  is 

costing them because of overheating problems aboard the air- 

craft . 
B u t  here again w e  have a s ing le  cell qoltage on 

my l e f t ,  and we have here the t r a n s f e r  voltage point. This is 

t h e  lower region or lower plateau,  and of course ';he upper . 

plateau; increasing temperature to my r i g h t ,  up to  110 degrees 

Fahrenhef t. 

You w i l l  no t ice  i f  you w i l l  the sloping condition 

of that curve which I am again sure you are aware of. But 

again if we're starting an ambient condition a t ,  say, 65 or 

70 degrees Fahrenheit and rising to  110, a 19-cell  battery 

w i l l  have almost a twofold decrease i n  voltage so again we aay 

that  you ought. to-contra1 any' kind.of a charger, pulse or 

othetwise, based on temperature and vary the p o t e n t i a l i t y  
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charge cu r r en t  based on that value. 

So we have this built i n t o  our  charger 

what you see here. 

Next elide, please.  
- - -. *.-.- 

r *  

More importantly t o  this group today of- course . is 

what r e a l l y  happens to  the cells when this puls ing  condi t ion 

is exercised.  

(Sl ide  

These are data taken from the Minuteman silos 

where the batteeiee: are used, to.: teetart : the air-bearing gyros, 

very critically of c o u r s e d n  this case because as a Minuteman 

i s  t o r n  down and retrofitted or repa i red ,  tlie first th ing  that .  

must be done t o  p u t  it back on the a i r  is to  p u t  the air-borne 

gyro back on the air. Otherwise :you-  have no navigat ional  

sys tern. 

So i n  t h i s  case they $re l o s ing  numerous cells. 

It 's about $13,000 a month sometimes, depending on how many arc 

torn down, b u t  the important thing here, these  cells were 

reject cells from the Minuteman s i los  and would have been throv 

away. They were deep cycled and p u t  back f o r  this p a r t i c u l a r  

t e s t ,  

In theconatant lpotential laode, you can see what 

a c t u a l l y  happened. 

Now when you s ta r t  the air-bearing gyro you use 



3' 3 11 contains 42 cells. And so t o  pass a desirable value,  an 

e b l l  1 

2 

6-seconds dura t ion pulses  of approximately 60 amps and these 

cells are very small a t  2=l/Z'amperce hour, and'one ba t t e ry  

- 4 

5 

6 

7 

.s and was immediately put  on a pulse  charger and again,  the peak 

acceptance l e v e l  on these Minuteman silos, the ba t t e ry  has 

t o  go t en  such cycles  t o  be acceptable. 

Again y o u ' l l  no t ice  the first t w o  fa i led-  The 

f i r s t  ' th ree  f a i l e d  and then went beyond and maintained t h i s  

8 

9 

10 

11 

f o r  approximately 13 cycles.  That ba t t e ry  would have passed 

and gone back an the program with the constant  p o t e n t i a l  

mode. 

Then t h i s  ba t t e ry  failed and came below the value 

l7Il 
charge pulses  now jump an average of f i f t y  discharge pulses 

$ 13 

14 

15 

16 

was 4 3  amps, the  frequency was around ' s ix  cycles per second. 

Notice what happened. Now r a t h e r  than going j u s t  the nominal 

t e n  required pulse  cycles  and even up to  twenty, which was 

accomplished with the constant  p o t e n t i a l  charger,  these  dis- 

*O I1 r e s u l t  occurred every time. 

18 

19 

which means two or three times more capaci ty i n  these  cells. 

Four such b a t t e r i e s  were tested and the same 

23 

24 
Reportun, Inc. 
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I 

21 
a 
.r 22 

Next s l i d e ,  please. 

I might j u s t  mention t h a t  the United S t a t e s  A i r  

Force now are using these chargers i n  the s i l o s  on these cells 

(Slide not  included. ) 

One more th ing I should show here. Thia happen* 
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t o  be a bank of cha-gers b u i l t  f o r  the U. S. Army. This bank 

contains 150 ni-cad chargera. Now these are a t  Dugway, Utah, 

where the poison gas tests are accomplirrhed, bu t  the ' requ i re -  

mant here was to  recharge 3,000 ni-cad b a t t e r i e s  i n  a 24-hour 

period of t i m e  w i t h  only two people doing the work. 

Of course yoh're no t  allowed to  deep cycle  i n  t h a t  

condition but  you put  them back on and they have t o  be f u l l ,  

You'll  no t ice  right here, i f  you can see it, the re  

is a spr ing  or a device i n  contact  which is our thermal 

sensor. W e  also have one on the bottom of L're'case s o  w e  do 

control ,  based on temperature, so we el iminate  the p o s s i b i l i t y  

of thermal run-away . 
This  was i n s t a l l e d  about s i x  years  ago, f i v e  years 

ago. The criteria here,  w r i t t e n  by the Army, was deep cycle  

the  ni-cads every seventh cyc le  because fading had been 

occurring. When'the system w a s  i n s t a l l e d  they of course went 

back t o . t h e i r  seventh cycle  and they found the re  was no degra- 

, dation. The specs were rewr i t t en  and changed to the 25th 

cycle and then as t h a t  occurred i n  severa l  c o n d i t i m s  a t  

severa l  times, that a l s o  was eliminated. 

And now, for the past t h ree  t o  four  years ,  they 

do not  deep cycle.  And this is a.package of 3,000 ni-cad 

b a t t e r i e s ,  a good example of what t h e  pulse is, and I ' ll  show 

you the pulse mode i n  just a second, 

Next slide, please.  



We have, by the  way, severa l  d i f f e r e n t  pulse modes 

t h a t  we use. We happen t o  have a man who l i k e s  to  change 

th ings  rather than always duplicate so every time w e  get a 

contrac t  he makes a d i f fexen t  kind of a pu lse r ,  it seems l i k e .  

I n  t h i s  case, i n  fact,  every case we do use SCR 

control .  I n  some cases, as you see a t  the top, -- This is 
being supplied to Westinghouse for deep submergence work; 

and here again 'we're  going up 443 phase input.  In  t h i s  

case they have in t en t iona l ly  wiped o u t  the pulse.,and it goes 

i n  the battery. They have no t  so far caught fire, the pulser. 

.So we  have b u i l t  the pulse r  wi th  it. We can take off the 

filter i f  we desire to  and w e  hope the data w i l l  show that. 

T h i s  w i l l  be del ivered i n  about 10  or 15 days 

from now. 

A t  the bottom, I t e m  No. 6 which is o u t  of sequence 

f o r  some reason. This is the NBC-1 battery charger cur ren t ly  

b u i l t  fo r  a i r c r a f t  carriers by Utah Research. We.!re supplying 

some 150 of these t o  the Navy cur ren t l r .  And again you see 

t h e  SCR control .  The input  now is 230 or 115 v o l t ,  either 

way. And once again, they have f i l t e r e d  the pulse  though 

we have in t en t iona l ly  designed it with the pulse i n t e r n a l l y  

so we can p u l l  of the filters i f  they 're des i rable .  

I n  t h i s  case t he re  are some very unique things here 

It 's a constant  vol tage,  constant  cur ren t ,  or pu lse  constant  
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cur ren t  charger. It  a l s o  has a load bank, what we c a l l  MJE 

3055 power t r a n s i s t o r s  and we ac tua l ly  can. con t ro l  and dia- 

charge as w e l l  a8 charge and cont ro l  the cur ren t  very pre- 

c i se ly ,  
\ 

Next slide, please.  

-[SLLde.78.) ' 

The model 2408 cur ren t ly  is being bought by 

severa l  a i r l i n e  people,  antas as, Trans World, BOAC, LL, and 

so on. This is a pulser .  It was :Lhpted from the work done 

a t  Dugway, U. S. Army. 

The pulse  here again is SCR-controlled. It's a 

four-way bridge and there are ac tua l ly  s ix  peaks as the 

battery is charged every burs t .  The average cu r ren t  is con- 

t r o l l e d  bas i ca l ly  by the t i m e  o f f .  You vary t h e  time o f f ,  

thereby of course changing the frequency, and thereby change 

the average value. 

It goes from zero to .50 amps i n  the main. It has 

a var iab le  s e l ec t ion  from 10  to  60 percent  'topping which you 

can also select, X t  also have the crossover dependent on the 

voltage and temperature, which'we bel ieve  is critical.  It 

a l s o  has a case leakage cur ren t  de tec tor .  I n  case s p i l l a g e  

occurs it can tu rn  the  charger o f f  . 
This is called a f u l l  wave. bridge i n  t h i s  case. 

The other onea- This is the U. S. Amy one a t  Fort blonmouth, 

New Jersey, anu so= very i n t e r e a t i n g  things have happened 
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heze . 
Now t h i s  i e  not  theplse charger we suggest being 

used i n  industry.  This is a var iab le  u n i t  whereby you can 

contrql  ax3 try t o  define what i s  a good cur ren t ,  what is a 

good pulse. So we have the average going from zero t o  50, 

and the peak up t o  500 amps. And again,  we can vary these 

independent. 

Now the odd th ing  that happened here when the 

machine was del ivered,  the tests were run a t  high values up 

to  500 amps and the r epor t s  came back, the pulse  is no good. 

You shouldn't  use it. 

Anii then they started decreasing the pulse and 

as the data dropped it came out, below 250 o r  300 amps, the 

r e s u l t s  were extremely good. And s o  we are learning by this 

charger a t  least that perhaps t h e r e  are peaks you should not  

play with: t he re  are condit ions you shouldn ' t  go too high on. 

And I have a sheet here w e ' l l  show as we conclude 

i n  j u s t  a minute, 

Next slide. 

(Sl ide.  79,) 

I might mention a l s o  t h a t  Bob Steinhauer has one 

of these and perhaps he can comment when we conclude here. 

But here  again we took a 2400 down t o  Hughes and 

had r a t h e r  good r e s u l t s  i n  taking a 20 amp hour cell, running 

it for two hours a t  C over 2,  and d i r e c t l y  c u t t i n g  it o f f .  



On discharge two hours l a t e r  it had about 46 percent  output  

of what was inpu t  two houzs before. There was no pressure 

rise and e s s e n t i a l l y  no temperature rise. 

Y e t  when he g o t  t h i 8  b ig  machine t h a t  had the  

var iab les  he went t o  the  high peak frequency and the high peak 

current ,  and even below I bel ieve  40 percent  he had gassing 

and temperature rise occurring. So once again w e  suggest 

t h a t  we don' t go too high on t h e  peak. 

This i s  again t h e  one a t  Dugway, again the three- 

phase, 440 v o l t  input.  Again i t ' s  a ful l 'wave.  It has the 

master SCR's and the  slaves following. It h a  again the  

var iab le  conditions up t o  80 amps and topping to 35 amps. 

~hisiis the machine that has'done so very w e l l  with the large 

80 amp hour battery. 

The one a t  the bottom is a r a t h e r  d i f f e r e n t  device,  

This cur ren t ly  is ground support  work on the F-4 s t a t i o n s .  

Again, i t 's a s i n g l e  wave r a t h e r  than a double wave machine 

.and perhaps one of the best ever  made, by t h e  way. 

It has a zero vol tage switching of course to 

e l iminate  RFI system8 s o  we don ' t  gat i n t o  generation problems, 

It has a 150 amp peak continuously; no 'matter what the value 

is ,  it va r i e s  t he  frequency for the average var i ab le  and ha& 

again, the batteries coming off the P-4 were i n  condit ions 

up to 50 and 60 percent  faded. It took thexa an averqe of 

seven cycles t o  rebui ld  these to  f u l l  capaci ty  batteries and 



y e t  by i n s t a l l i n g  again the pulse r  on the ground aupport 

equipment, they now a r e  f u l l  every time. 

I n  f a c t ,  rather than 11 ampere hour ba t te rLss ,  

t he  majority are 13 to 1 4  ampere hour now with the pulsing 

system. Their manpower has dropped now from 5-1/2 hours 

maintenance per  ba t t e ry  i n  the  =hop t o  lass than 1/2 h o k  and 

of course we think the .pulsing system was t h e  answer there.  

Now one..more s l ide?  ' One more. 

This perhaps is  i r r e l e v a n t  but  I asked one of our 

engineers to  draw a schematic of how it might be used on a 

satel l i te  system where you don' t  have t he  frequency and the 

cur ren t  inputs  o r  vol tage w e  'have of course o u t  here i n  the 

shops and s o  on. 

The one on t ~ p  would be a system whereby t h e  

vol tage i n  would be higher than the voltage output. On other  

words, normally i f  you had a 24-volt b a t t e r y  you'd have 

vol tage exceeding t h i s  some way. 

The one on the bottom is  where j u s t  t he  opposi te  

occurs, perhaps solar cells, perhapa a 12-volt system where 

a 24-volt ba t t e ry  is  used. 

H e  pu t  SCR' r here. O f .  course that wouldn' t be the 

case. S';raight DC inpu t  would be required. And a l l  t h a t  reall 

happens here, of course, a8 you get the cur ren t  flowing throuqh 

fou system with the SCR's turned on, and then you lock i n t o  



a cur ren t  value, you simply switch off the S C R ' s ,  the current  

must continue flowing through a new path, the diode i n  the 

back of the bat tery .  

We bel ieve  w e  could con t ro l  the pulse form and 

mode very well i n  t h i s  kind of a system. 

That'e a l l  the slides, I believe. 

them off i f  you w?.ll.  

(S l ide  off. ) 

Now once again, the data where t h e  

high. 

(Sl ide  81. ) 

Theze a r e  perhaps 304 data points  

You can tu rn  

goe8 too 

t h i s  as a aystem now,' again- where the peak was ac tua l ly  

varied t o  determine whethex or not  you could gat a f u l l  

capacity ba t t e ry  by various changes. You w i l l  note  on the 

peak c u r r e n t , ,  the very first t e s t  l a s t  yoax was xun n t  100 

amps peak, tho average being 17, the topping 8-1/2; 

' Notice the battery f a i l e d ,  r ea l ly .  It 's a 34  

ampare hour bat tery .  The second time, going to 200 amps, 

we had 34 plus. W e  don ' t  know how high it would have gone. 
. . 

ilerely once it paased it nag turned o f f  . The voltage still  

re ta inedebe t te r  than about 21-1/2 amps. 

Thia continued on down u n t i f  we h i t  the peak of 

300. I n  a l l  three tests you see here,  capaci ty  degraded. 

Nothing else r e a l l y  bas i ca l ly  changed. Even though we  had 
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"By comparing the r e su l t s  of the life 

test, the bat te ry  charged by the U t a h  air-borne 

charger produced higher an8 more consis tent  discharge 

voltage, delivered grea ter  capacity, and decreased the 

maintenance time required." 

They a l so  say: 

"The charging t i m e  of the Utah air-borne 

charger was less than the specif ied time allowed for 

cos t  po tent ia l  charging a t  29 volts.* 

And so the answer is yes, w e  do have only a few 

data. We don't  have a great deal. 

I might mention that the tests a t  Boeing indicate  

over a hundred cycles a very . s l igh t  degradation of voltage, 

very s l igh t .  The capacitor  retained its f u l l  value. 

GASTONt Do you require's special cell design' 

or any standard design can be used fo r  the pulse charger? 

BOYD: Oh, yes. We don't  touch the cells. 

GASNN: You just  supply the charger? 

BOYD: Right. ' i ~  30 l i k e  to havwa thermal. sensor 

somewhere :.f n the : vicinity'..of the" cells, on the l ink  be tween t h e  

cells o r  somewhere close by. 

One more thought here.. 

On the charger i n s t a l l ed  on the  A-6-A last week up 

i n  Seattle, the batteries caning o f f  the A-6-A are a l so  very 

much faded. They are normally about 40 percent down and they 



are  hard to  build back up again. 

The first ba t te ry  on the a i r c r a f t  which was not 

removed -- it was j u s t  i n  the condition as  i t h m e .  When 

the charge w s  put on the a i r c r a t t ,  the f i r s t  charge cycle of 

two hours, the bat tery  went f o r  two hours and . . 17 minutes on 

discharge a t  C ra te .  It had, w e l l ,  2.4 C ac tua l  capacity, 

an increase of 100 percent of it at least, And of course 

. they're very happy with it. 

GASTON: Thank you. 

t 
KRAUSE: Krause of JPL. 

What effect has this pulse charging on sealed 
I 

cells and secondly, how would you prapose to use this type of 

charger which requires very high peak currents  apparently on 

s a t e l l i t e  systems which have very law current  capabi l i ty  

usually? 

BOYD: I cannt answer the question. We have had 

no data with sealed cells. We've never been offered an oppor- 

tuni ty ,  I suppose. Wend l i ke  that chance, but  I suspect it is 

not qu i t e  as good a s  we a i r &  it might .be. 

You k i t  the point  of course a lso ,  the  low current  

and the high peak frequency, the high peak value. 

Now with Bob we had that problem. ;ay going to the 

high peak, the gassing does occur. If you keep the peak down 

low, you might be a l l  r igh t .  We don't know tha t .  

SPAUSE: Well, moat satellite spsterrm &neral ly 
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have low t o t a l  cur ren t  output  capabi l i ty .  You're t a lk ing  about 

a few hundred amps on most of your applicat ions.  

BOYD: You're t a lk ing  of what? 20 w e r e  hour 

cells o r  50 ampere hour type? 

KRAUSE: Say 20 amp hour cells, and the most 

cur ren t  you can get out of solar array perhaps is 15 or 20 

amps 

BOYD: Oh, w e l l ,  we could take a low cur ren t  value 

and amplify it. That 's  no problem. Again by t h e  system t h a t  

Hr. Peterson pu t  on the board, my engineer on this th ing,  

you could take  a lw cur ren t  value and use the system t o  

amplify the cur ren t  peaks. H e  feels that's a t  least feasible. 

Now how high we could go I don ' t  know. I c a n ' t  

t e l l  you that. 

STEINHAUER: Steinhauer,  Hughes. 

The o r i g i n a l  purpose for using -- obta in ing the 

Utah charger a t  Rughes and using it was on t h e  TOW weapons 

system f o r  a launch ba t t e ry  that stays with the gunner yet 
' 

uses a 20 cell- It's a th ree  sec t ion  .batkery using 20 cells, 

4 ampere hours, sea led  cy l ind r i ca l  and t w o  sec t ions  with 42 

cells of approximately 1, 1.2 ampere hour each. 

We were looking f o r  rap id  r e tu rn  of the chazge, 

top-off type charging r a the r  than having t o  dump t h e  r e s idua l  

charge and then r e t u r n  f u l l  charge. We ended up, becauoe- 

Using the dump type of charge method and re turning a four-hour 



charge for four  hours i n  t h a t  system- The Utah work was t o  

make an improvement over t h a t ,  

We felt: not  t h a t  we would gain i n  charge e f f i c i e n c j  

b u t  that we might be able t o  top-off charge i n  t h a t  case. We 

have been in t e re s t ed  i n  it, T h i s  work was done back i n  '66 

I bel ieve ,  or '67. -We have been i n t e re s t ed  i n  it from a space 

standpoint but  we haven't been able t o  apply it t o  space cells 

because of funding l imi ta t ions ,  .but it has been intriguing 

t o  consider it. 

It is true that the solar pmiel capab i l i t y  is low 

but pulse techniques could be worked out. 

What happens i n  f l i g h t  morphology under various 

pulsing regimes. and would this indeed give us an enhancement 

of cycle life and get away from memorization or some of the 

other effects we don't know, bu t  it's i n t r igu ing  and I think 

it is  worth exploring. 

GROSS: Gross; Boeing, 

I n  answer *Stan Xrause's question, Stan, you can 

get the high cur ren t  by loading and unloading the A c o i l .  

BETZ: Fred Betz, Fai rchi ld .  

I-had some limited experience with vented cells 

a.nd the fading .that you have i nd ica t e4  is-eomswhat t y p i c a l  of 

constant po ten t i a l  charging -- 
BOYD: That's t rue ,  

BETZ: -- i n  which the elect rodes  g e t  imbalanced. 
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Once you have a sealed system where essentially 

you're negative cannot limit t he  charge. t h a t  type of  problem 

i s  not  apparent any longer. We'd have t o  r e a l l y  look a t  it 

from the point  of view of cycle l i f e ,  long-term enhancement 

or something else. It is not  going to recondit ion a 50 per- 

cent ba t t e ry  to  100 percent j u s t  like that. 

BOYD : I . concur. We think the same thing,  by the 

way. 

HAINES: Haines, from Defense Research Establish- 

ment, Ottawa, 

I found your paper quite interesting. Six or 

seven years ago we i n  O t t a w a  b u i l t  aphecharger much the 

same as you have here. I n  fact, your c ircu i t s  looked almost 

identical with ours, 

(Laughter. ) 

BOYD: I haven't seen them. 

HAINES: I know you haven't. It was a c l a s s i f i e d  

BOYD: Thank you. 

(Laughter. ). 

EIAINES: -- project a t  the t i m e ,  b u t  it was a powe 

supply for a sonar i n  shich we were required t o m u c e  approxi 

mately 20 pulses every half  second with four and a ha l f  

sectmds t o  reach pur capacity. 

'!+? bat te ry  power supply was 150 volts and I think 

we were baking'-the cur ren ts  out to  something like 300 ampa. 



We did not  use voltage sensing l i k e  you did. Zn 

O t t a w a  we're rather a f r a i d  to  t r u s t  ourselves with anything 

l i k e  vol tage sensing. W e  w e d  a coulometer and we:found that 

by using a coulohetet~~ and using i t pu2se t echn ique  we could 

operate ourselves a t  approximately 1 ..5 8 v o l t s ,  taking advan- 

tage of the surface  charge f o r  Ule next  pulse  discharge. 

This  allowed us t a  use considerably less cells 

w i t h  a considerable saving i n  weight and volume. We were 

using 65 ampere hour cells. 

I might add also t h a t  we pu t  something i n  excess 

of 100,000 cycles on these cells before the: left  our estab- 

lishment and on d i s sec t ing  one of the cells, we could observe 

l i t t l e  or no damage t o  the cell components, By cell components 

I mean the nylon woven separa tor ,and  the cellophane. 

These were vented cells. 

The other th ing  is-- L e t  m e  say one more thing,  

I bel ieve  t h a t  the prime reason for using the pulse  is mainly 

i n  the overcharge so t h a t  you can put  the overcharge i n  a t  a 

rate where you get a higher e f f ic iency  conversion without 

unduly increasing the temperature of the  cells, 

Now i f  you can adequately p r o j e c t  the poin t  where 

you pass over from the point  o f  main charge t o  the overcharge 

mode, you can get away with high .current direct charging and 

produce the same effect as you have here,  But you have to  havc 

a very good indicator o f  when you're going from main charge t o  
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overcharge. 

BOYD: I might comment on that i f  I can. 

HAINES: Might I add t h e  question I wanted t o  ask 

is: 

If you a r e  using temperature senaing , how do you 

derate it i f  the  bat tery '  i s  being used i n  an engine-s tar t  mode, 

because we have found t h a t  t o  use a ba t t e ry  i n  an engine-star t  

mode, the temperature of that battery w i l l  increase  approxi- 

mately 35 degrees f o r  engine start, as the start  occurs. 

BOYD: Right. That 's  r i g h t .  The charge mode 

doesn' t  occur until that is over. 

HAINES: No, bu t  i f  you're using the cur ren ts  that 

you have here,  y o u , w i l l  be i n t o  the  overcharge mode before 

t h a t  ba t t e ry  has ever had a chance to  cool down. 

BOYD: Now i n  t h i s  case again we observed the 

temperature of the  bat tery .  We have a l s o  a temperature sensor 

for cutoff .  If it gets too  high it is derated, both derated 

and a l s o  c u t  o f f .  It w i l l  only go so high, perhaps 120 degrees 

Fahrenheit o r ' l e s s ,  before it gets derated i n  terms of the 

ac tua l  temperature -control .  

By the  way, we do observe the o f f  vol tage rather 

than the .on voltage between pulsess. It's a much b e t t e r  way 

of control l ing ,  r a t h e r  than the a c t c a l  value rise during the  

wrren t  t i m e .  

secohd, we do have an E cell  i n  here, t h e  little boa 
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t h a t  you scw, the con t ro l le r .  We d i d n ' t  explain a l l  t h e  de- 

tails of t h a t  box, We do .use  an E: cell which is  a coirP~meter. 

much l i k e  you do, a l so ,  bu t  we sense the voltage and dera t e  

the current ,  based on the voltage,  on t h e  temperature of the 

ba t t e ry  so t h a t  t he  mode cont ro l  is based on a decreasing 

voltage p o t e n t i a l  with increasing temperature, and the  

coilrlbktet:, ac tua l ly  siphons off a p a r t  of the charge c u r r e n t '  

and then as you switch from the ' top.--.:fran the,.main mode .to 

t h e  topping'mode it reverses itself and it cont ro l s  the energy 

balance. We cal l  it energy balance. So you get a ;wrcc#rtage 

value of topping which is critical also. 

As far as pulse  dhaxging of se&d c a l l s ,  a couple 

of years ago -- oh, it was about ' 64  -- we had a sate l l i te  up 

about seven months, We s t a r t e d  t o  run s h w t  on power and 

started to pulse t h e  s i l -cad b a t t e r y  and destroyed it, and 

we showed on the ground what happens, We started t o  over- 

charge it, and I would expect the same things would happen to  

sealed  s i lver -z inc  cells i f  you tried to  pulse  charge sealed 

cells, 

You know, some of our satellites are non-magnetic 

bu t  it i s  my understanding t h a t  a l l  satellites have to be 

magnetically clean or else they start t o  t w i s t  as they w? 

crossing through the earth's field. And i f  we did  this pulse  

charging i n  the a a t e l l i t e  I would expect we might have q u i t e  a 



shielding problem, t rying t o  keep the s a t e l l i t e  s table .  

Thank you. 

FORD: One l a s t  comment? 

HENNIGAN: F i r s t ,  I have copies of .the c i r c u i t s  

here of a l l  t h e  chargersvdre  using i n  case you'd l i k e  a copy 

of t h e m .  

Then secondly, i f  you control  t he  SCR correct ly;  

there i s  no magnetic RF-generation. 'We've-had t h a t  .problem 

before. It's very crit ical s o  we don' t  have RF generation, 

s o  t h a t ' s  important. 
. . 

Here again, because of the ac tua l  switching 

condition- . We have same protect ion i f  we .do have that condi- 

t ion  ex is t ing  but on the air-borne charger, no, it's not there' 

FORD: Okay. Thank you, B i l l .  

While we're on the subject  of charging, our next 

top ic  is along those l ine8  and i s  to be presented by Charlie 

Thomas, Chrysler 'Corporation's Space Division, and his; topic 
1 

is  Evaluation of Improved Charge Methods. i 
i 

THOMAS: I ' v e  been mentally e d i t i ~ 3  this presenta- 

t i on  t o  reduce its length, considering the time of t h e  day, 

and I may have edi ted it d m  t o  the point where there are #oms 

gaps i n  it. So if X don't adequately explain anything, you 

can pin a\s down after the ta lk .  

Chrysler und'ertook several  months ago a program 

involving de'velopment o f  oharging equipment that would provide 



improved c h a r a c t e r i s t i c s  from cells and evaluat ion by means of 

life tests of systems including typ ica l  cells i n  a satell i te 

system u t i l i z i n g  these improved syrtema. . . 

Now we  developed three systems that we are evaluat-  

ing concurrently i n  a test  program. Tne terc conditions are 

. exac t ly  the some f o r  the three systems with the exception of 

the charging inathods. We've g o t  three groups of cells t h a t  

are iden t i ca l ,  bmght a t  the same time that a r e  being tested 

in the same room; the same tsl&rrGre, bas i ca l ly  the same 

depth of discharge,  as close am ive cat 9 6  it . w i t h  the resolu- 

t i o n  af.equipnmnt t h a t  we've get; the 60-30 minute time 

cycle,. The only d i f fe rence  is  i n  the method of charging. 

Now l e t  m e  a t  t h e  beginning say tha t  the method 

of charging t h a t  we're using is no t  a pulse charging approach. 

Now I ' m  going t o  be ta ik ing  i n  terms o f ,  t o  describe these 

chargi,ng methods, be t a lk ing  i n  terms of peak charge but  t h i s  

i s  not  a t r ans i en t  condition but a steady state pzarge condi- 

t i o n  a t  charge termination. 

Now our theory wae -- and the same theory I think 

is supported by many users  of batteries -- is t h a t  we should 

t r y  t o  e l iminate  o-rercharge i n  aealed cells, ovsrcharge of 

sealed cells on s a t e l l i t e  systems to  .reduce the g e w r a t i o n  of 

oxygen pressure,  reduce power d i s s ipa t ion ,  to  i xrease l i f e  

and a l s o  t o  reduw problems with s e a l s  and so fo r th .  

Now Chrysler had been kickiq around p o s s i b i l i t i e s  



for accomplishing t h i s .  How can you l i m i t  the peak' charge 

l e v e l  of sealed b a t t e r i e s ,  sealed celln, t o  less than the 

maximum? Now one th ing t h a t  w e  'itere in t e re s t ed  i n  was erne 

means of measuring the s t a t e  of charge. 3nfortunately,  nobody 

ever came up w i t h  a way t o  do tha t .  

W e  can, with an ampere hour i n t e g r a t o r ,  compute 

a s t a t e  of charge value bu t  the accuracy of the computation 

taking i n t o  account the  e r r o r s  of the computer i t b e l f  and the 

var iab les  o f  the cells is no t  too  good. 

So what w e  decided to do was compromise between 

conventional. q y g t e s  and a &stem i n  which the peak charge 

level would be held to  less than 100 percent.  We came up 

iiith what re called a programmed ~ e a k  charge o r  PPC method. 

Now this method would involve ?,imiting the peak charge of t h e  

ba t te ry  . less than 100 percent  except for per iod ic  o r b i t s  

o r  cycles  when the charge would be brought up to  as high as 

you could get it to reset the i n t eg ra to r s ,  i n  o t h e r  words, 

t o  cancel  a l l  of the errors t h a t  have accumulated i n  t h e  s t a t e  

of charge computing c i r c u i t s .  

How a t  about the r& tiw w e  decided to  evaluate  

this method we caw up w i t h  the i d ~ o  of poss ib ly  using a 

s l i g h t l y  d i f f e r e n t  approach on aux i l i a ry  e lec t rodes  for e t a t e  

of charge sensing. The conventional auxiliary electrode 

bas i ca l ly  is an oxygan premun,  sensor,  or it gives a s i g n a l  

related t o  oxygen pmaeure:  



Now we  decided t o  attempt to use what is essen- 

t i a l l y  a recombination electrode which gives a s ignal  re la ted 

t o  oxygen pressure a t  a lower concentration or a lower oxygen 

pressure, hoping t h a t  this A u l d  give us  a s ignal ,  a usable 

s igna l  a t  a somewhat lower state of charge. 

So we have- Ldt me show you the charge-discharge 
. . 

prof i l e s  t h a t  w e ' r e  using now. We are evaluating these two -- 
(Slide 82. ) 

The top g t q h  shows a typica l  ~ n t e l l i t e  charge- 
I 

discharge pro f i l e  showing the attainment of a hundred percent 

charge o r  maximum charge shortly before the end of the cycle, 

allowing a -s f ightkr l ;ck le  charge period. 

Now with the LPC nethod or the l imited peak charge 

method, as we c a l l  it, we.would l i m i t  the peak charge to less 

than a hundred percent during each cycle by means of t h i s  

signal from the recombination electrode. We'll use that  as a 

s igna l  t o  terminate charge. 

With the prcgranuned peak charge' method, we keep 

the peak charge leve l  .at leass than a hundred percent except 

a t  the periodic orbits when we charge to a hundred percent. 

Now actual ly  there are some cell -&:sl ight  differ- 

ferences i n  cells involved here, ,too, because by limiting 

the peak charge t o  lass than a hundred percent, we reduce, 

the oxygen evolution thatacausas i n t e rna l  pressure buildup 

and of course ni-cad cells -0' sealed ni-cad cells are 



general ly operated stazved, which means with probably less 

e l e c t r o l y t e s  than we'd l i k e  to  use f r a  the  s tandpoint  of 

heat t r ans fe r  and ge t t ing  gob.. performance cha rac te r i s t i c s .  

The th i rd  column ind ica t e s  t h i s  is the s i g n i f i c a n t  

d i f ference ,  the  nost s i g n i f i c a n t  d i f ference  between the cells, 

a t  l e a s t  I: think: In cellg that we charge by the conven- 

t i o n a l  method, 19 percent .e lec t rolyte  cells t h a t  we charge by 

the  PPC method, 21 percent; and 'cells that we charge by the  

LPC method, 23 .percent,  

Now this is not  a great di f fe tence  i n  percentage 

but  this makes a l o t  . of - dif ference  i n  t h e  rate of recombina- 

t i o n  of gases and consequently the amount of charge t h a t  these 

cells can take, 

Also, we discovered that t h i s  makes q u i t e  a d i f -  

ference i n  We way the cells can be charged. Now the top 

graph shows t h e  charging current p r o f i l e  for the in-between 

cycles  of the PPC method. For this tes t  now w e  are diszhargin! 

to  a 40 percent depth of discharge. We're charging a t  a 

constant rate of .8 C for the in-between o r b i t s  when we charge 

to  less than a hundred percent, 

Let's see, f o r  subcycle 1 is when we drop from a 

hundred percent down to  -- from a peak of a hundred percent 

down to  a peak of 90 percent on t h e  next o r b i t .  

. For subcycles 2 t o  I, we charge to  ,8 C f o r  a 

longer period o f  t ime.  
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For subcycle N,  we have to  come back up t o  a 

hundred percent, We charge a t  a higher rate of 1.3 C, droppin 

down t o  . 4  C and then have a t h i r d  s t e p  which probably i s  not 

e s sen t i a l  a t  a r a t e  of C over 12. 

Now the best i l l u s t r a t i o n  of the benef i ts  of this 

charging approach and having more e lec t ro ly te  in the cells 

is shown here. 

(Slide e j . )  ' .- 

~ h i s  is the comparison of the charging current  

p ro f i l e s  f o r  the IPC method i n  which we l i m i t  the peak charge 

t o  a constant low leve l  during each o r b i t ,  and the conven- 

t i ona l  system . . where we charge it up as much as w e  can at the 

end of each cycle. 

Now we did cbmiderable work t rying to optimize 

the charging current  profile f o r  t h e  conventional system t o  

enable us to  get as much capacity i n  as we could within the . 

time period that we had av,nilable. Now for the tests we're 

using a typical 60-30 discharge-charge period. 

I n i t i a l l y  we s t a r t e d  out  t rying to  discharge t o  

50 percent during each cycle,  using a 50 percent depth of 

discharge. It was $?st not  possible with the conventional 

cells t o  do t h a t  because we just couldn't  ge t  out  end of 

discharge v ~ l t a g e  up or keep it uy without going t o  too high 

an ' end of charge voltage. 

So we f i na l l y ,  becauee of this problem, had to .  



reduce our depth of discharge t o  40 percent on a l l  three 

systems. 

Now with the LPC method we'never overcharge; we 

chaxge a t  a constant' r a t e  o f  .8 C u n t i l  we're ready t o  tenni- 

nate. It is not  necessary t o  use a depth prof i le .  

Here I have some preliminary data. A l l  I have so 

t a r  ie  preliminary data. 

(Slide 84.1 . 

We'have something l i k e  e igh t  ox nine hundred 

cycles on these cells. Now t h i s  shcrws,again for a satellite- 

type of orbit, a low-earth-orbit satellite, 40 percent depth 

of discharge, what we get from the three systems during a 

complete cycle. 

Now not ice  for the conventional eystem t h a t  during 

discharge, the end of charge voltage drops down almost t o  a . 

vol t .  Also, notice t h a t  the charging voltage required f o r  the 

conventional cellr, far the conventional system, is higher. 

The energy eff ic iency is qu i t e  a lo t  lower f o r  the conven- 

t i ona l  cells. You get lower output voltage and it takes a 

higher voltage t o  charge. And of course the charging currents ,  

a t  least during the  early p a r t  o f  the charging period, are 

comparable. 

Now another thing t ha t ' s  8 i g a i f i c a n t . i ~  t h a t  with 

the  cells used for the PPC and LPC 8ystanu, which have more 

e lec t ro ly te  i n  them, you get  a very sharp t a i l up  i n t h e  cell  



voltage which, i f  you a r e  using cell voltage f o r  con t ro l ,  

gives you a much b e t t e r  r i g n a l  to work with. 

Now l i k e  I say, w e  have only preliminary data a t  

t h i s  point.  Th i s  l a s t  test  t h a t  we have going now w i l l  l a s t  

f o r  as long a s  we think is necessary to g e t  p rec i se  d a t a  which 

e s t ab l i shes  conclusively the l a t i v e  merits of the t h ree  

systems. As the data is fi-d up, we w i l l  make it ava i lab le  

t o  anyone who is  in te res ted .  

FORD : Thank you, Charlie,. . 

Do we have any questions? 

(No  response. ) 

Okay. Thank you. 

The t rend today, as it has been over the past 

f i v e  o r  s ix  years  is toward l a r g e r  nickel-cadmium batteries 

simply because we are requir ing more power.for  each applica- 

t ion .  Looking down t h e  road to  what's ahead i n  the fu tu re ,  

have many plans f o r  a .space s t a t ion .  

U' con junction with t h a t ,  these programs that  have 

en mentioned this morning t o  develop large ni-cad-cel2a0 50 

ampere hour and 100 ampere hour cells, are i n  progress. One . 
of these programs t h a t  is being funded by NASA, the prime 

being Grmman Aerospace Corporation, is the development of 

a 100 ampere hour ba t t e ry  f o r  the space s t a t i o n .  

To t a l k  about thfs'progreun t h i s  afternoon we have 

Steve Gaston, Graurwaan Aerospace Corporation. 





Steve? 

GASTON: The program washnded under contract  

NAS 911074 and i t 8  goal f a  tha development of a 100 .amp.. hour 

bat tery.  I 'd  l i k e  t o  j u s t  b r i e f l y  touch upon a l l  the other  

phases I n  the  program and emphasize the cell-development 

' portion. 

The program is by no mean3 complete. It 's under- 

way and we have p a r t i a l  r e s u l t s  and more r e su l t s  w i l l  come 

out  a s  w e  go- along. 

The major pharres i n  ' this program are the cell 

development of the 100  ampere'hour cell. There is a l so  a 

.module development and the modulator is used i n  the space 

s t a t i on  as a building block. ~ n d  the apace s t a t i on ,  accord- 

ing t o  the latest s tudies  by prime contractors which have 

j u s t  been completed, . '  : w i l l  look most l ike ly  like 672 cells 

of the 100 ampere'nhour capacity. 

I n  order t o  break the bat te ry  down t o  a building 

block, war l i k e  t o  use the  term Wmodule,A and from the human 

fac tors  and r e l i a b i l i t y  and maintainabil i ty,  w e  come up with a 

number of four cells per module; 

I put  a mockup on the r i d e  ( indicat ing).  m his is 

the  way most l i ke ly  a module w i l l  look l i k e  i n  the space 

s t a t i o n  as w e  see it now. 

In  the module development we are working on -- we 

a re  concltruoting two d i f f e r en t  modules, t he  f i r s t  ane f o r  
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. . 

thermal study which we have coarploted, and I w i l l  show some 

slides on t h a t  later on, and there w i l l  be a f i n a l  developmen 
. . 

module which w i l l  be f u l l y  acceptance tested, 

I n  addi t ion,  t h i s  development of t e a t  controllercr 

f o r  these ba t t e r i eo  -- or f o r  these cells, I should say, 

and i n ' i d d i t i o n  t o  that there w i l l  be a o w  parametric cycl ing 

on cells which would be conducted a t  Gru~lmnan t o  determgne 

the c h a r a c t e r i s t i c s  t h a t  characterize ' the cells, and there 

is  a l i f e  cycle hamory-type test  program t o  complete the 

program. 

To emphasize the cells i n  t h i s  program I 'd  l i k e  

t o  show you the first slide,. 

(Slide 85.)  ' . . 

To start o u t  t o  make the program cost -ef fect ive ,  

we went on a parametric baais. We started o u t  using the 

080 o e l l  spec and the NASA in ter im cell spec, used design 

inpute to modify some conditions which exist as you. go from 
* 

vendor t o  vendor to accomplish -- to accon&date the design 

change var ia t ions  which are on the cell. 

We then came up with a standard design which we 

a l s o  l i k e  to c a l l  a barsaline design and then w r  broke it 

dam i n t o  three d i f f e r e n t  test groups. I n  Group 1 we test 

t h e  va r i a t ion  of p l a t e  thickness and the te rminal :  configura- 

t ion .  1 w i l l  go i n t o  it in detail a l t t t l e  b i t  l a t e r  on. 

I have an X-ray3 I don ' t  have a picture of the terminal 



configuration but I have an X-ray and I think it might serve 

the purpose. 

~h'en we f inalimd the terminal configuration and 

plate thickness and thern wa went to group 2 ,  where we tested 

for the separator compression and electrolyts quantity. In 

group 2,--:'Initially we.started out with nylon design. In 

group 2 we introduced ;po.lypropyXeme-i design. And we have now 

two polypxopy;lenes., 

At the moment we have completed groups 1 and 2 

and right now group 3 is being comtructed. 

En group 3 we introduce two additional polypro- 

phylenes, different vendors. We still have the nylon design 

as the standard design. We have an additional input from some . . 

auxiliary electrode studios; we weren't too happy with the 

earlier auxiliary electrode results. 

And we still have to finalize tho terminal and 

that's -- the problem of the large terminal. seal is very close 
to my mind. And then we will mechanically test thoee cells 

and finalize design and characterize it by the parametric 

cycle tests and then we go to l ife cycl.ing teats. 

At the same time we have made use already and we 

will make more uee of the NASA process variable study which 

is under NAS-521159. It investigates certain variable8 , 
production variables which w e  will use as an input in the 

finalized cell. We already have used soam 'in the proup 3 -- 



It's not indicated too w e l l ,  but  ~e have used the p la t e  manu- 

facturing proces8 i n  group 3. 

I n  addition, we w i l l  run arorae accelerated material  

tests which ham not  been held yet;  i n  pa r t i cu la r ,  some of the 

terminals have been held up because of some of the  recent  

problems -- possibly long-term s e a l  problem on t e d n a l u .  

We canatruated four t h e m a l  simulators for our 

thermal module. What we have done, w e  took expanded nickel  

mesh and interwoven with ac t ive  p la tes  and now we can use 

the cell and we did bui ld  our engineering module and we have 

completed thermal tests on t h a t ,  so w e  can both use the cells 

as a heater or  we  have e l e c t r i c a l  a c t i ve  cells. 

We did conduct some calometric tests, not extensiv 

ones, a t  the cell vendors, and we w i l l  a l s o  use the NASA 

calarnetric -- the NASA &&)&.tartar~.r t o  ge t  some m o r e  extensive 

We did complete the thennal ba t te ry  design and e l l  

these inputs  w i l l  then be analyzed and used f o r  the f i n a l  cell 

and M u l e  deaf gn. 

I have a p ic ture  here of a cell, to give you an 

idea what our ampere hour cell looks l ike .  If you look at the 

gauge, it is not  the gauge w e  are using. We're using a 

compound guage to measure vacuum and presetxe. .%lso, w e  haw 

a gas i n l e t  and o u t l e t  on the side with a valve 80 we can 

make adjustumntr i f  that becornea necersary. 
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and we have looked a t  t h e  sepqator which cons i s t s  of nylon 

as the rrtandard and polypropylene:: as the new material. 

We looked a t  the f i - l l i n g  technique and i n  combina. 

t i o n  w i t h  Eagle Picher, the vendor, we have developed a tech- 

nique w h i c h  el iminates  atmospheric contamination during the 

f i l l i n g .  IVs a l l  done w i t h .  i n e r t  gas  i a a glove box. 

(Slide .88.)  . . ' 

We looked at the seal leak test procedure and we'1 

come up with a. new procedure which cons i s t s  of back-f i l l ing  

w i t h  helium while the cell is dry. Several years  ago there 

was SO& experience by the ~elay people where they found that 

the helium leak test-is not a valid one when you have a siufac 

layer  of o ther  material, which could be water or e l ec t ro ly t e .  

X think it was mentioned before; somebody men- 

tioned it before that i f  you bad a surface  w i t h  adhesion, 

t he  helium leek test w i l l  be masked. If you have small pin- 

holes,  it w i l l  no t  show beoause the liquid is there aid there 

fore we feel that once the cell has been f i l l ed  w i t h  electro- 

lyte, the test is rather i n sens i t ive ,  so therefore ,  we 

develop6 this technique of the helium leak test before the 

cell is f i l led.  

We redesigned the cell terrmCna1 s tuds ,  and that's 

both i n t e r n a l l y  and ou ts ide ,  and I w i l l  .go i n t o  it later 

on. Essentially we wanted to reduce the stresses when the 

i n t e r c e l l  connectors are placed on the cell. 
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And we have used the  process -- some of t he  inpu ts  

from the process va r i ab l e  s t u d i e s  t o  ob ta in  a more uniform 
, 

performance . 
(Sl ide  . 8 % )  

I j u s t  happened t o  have t h i s  s l i d e .  It gives  you 

an idea of what t he  thermal module looks l i k e .  

We have four cells which are pu t  i n t o  t h i s  i n  an 

aluminum container .  It was designed mainly for thermal reasons 

and our thermal engineer w i l l  be here  tomorrow and i f  you 

have any quest ions you can go i n t o  t h a t .  
. . . . . . 

I t  w i l l  do the job on the design r e s t r i c t i o n s ,  

t he  design condi t ions -which we have. Es sen t i a l l y  it's a box, 

it's an aluminum box which i s  anodized. Each cel l  is wrapped 

i n  teflon- No, cor rec t ion ,  .' in'.kapton, and then embedded i n  

the container  and a t op  r e s t r a i n i n g  plate is pu t  on top  of 

t h a t  t o  a c t  as a pressure  vessel. 

X want to  po in t  o u t  one thing.  We d id  discuss 

this morning and i n  the early afternoon on the amps hour termi- 

n a l  leak problem. W& have no t  done extens ive  l i f e  cycle 

t e s t i n g  with t h i s  terminal ,  bu t  these  hea te r  cells- They 

have been constructed some of them as long as nine months ago, 

and we have not  seen any leakage e i t h e r  from heater f a i l i n g  

leak t e s t  or from the gauges. They a l l  hold a high vacuum. 

But a t  t h e  same t i m e  we are i nves t i ga t ing  the 

poss ib le  terminal  s e a l  leak problem and we a r e  d i s s e c t i n g  some 
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c e l l s ;  not  t h i s .  We want t o  hold t h i s  module, W e  need it 

for our c t a rge r  checkout. 

( S l i d e .  90. )  

  his is a p l o t  of the capac i ty  versus cyc le  num- 

ber for t h e  var ious cells which we've b u i l t ,  and I 've com- 

bined group 1 and group 2 and I ' v e  averaged those numbers. 

A t  the bottom you have a cycle number. Unfor- 

tuna te ly  I don ' t  th ink  it 's too clear. The cycle  number does 

not  mean very much: i t ' s  ji,st t h e  way the cycles  were con- . 

duc ted . 
Below t h a t  w e  have a test  condi t ion and i n  the t e s  

condi t ion we s e t  up a parametr ic  regime, All these were full 

cyc les ,  f u l l  capaci ty  cyc les  which we've conducted t o  

variate these cells, and the  regime e s s e n t i a l l y  cons is ted  of 

the- The f i r s t  group, the first nine  cycles ,  were conducted 

20 degrees C., which were the upper l i m i t s  of  our spec i f i ca t i o i  

and t h e  zero degrees C a r e  the lower l i m i t s .  

The f i r s t  cycle  c o n s i s t s  of  t he  condi t ioning which 

cons is ted  of a 50 amp discharge,  10 amp charge, and then we 

had three capaci ty  cycles  which were conducted a t  50 amp d i s -  

charge, a 30 amp charge. Then we had a high rate.. dj.scharge 

cycle which cons is ted  of a 100 amp discharge and 30 amps chargc 

and then we,had a high r a t e  charge cyc le  which cons is ted  of 

50 amp discharge and theshigh rate charge cons is ted  of a 30 

amp charge t o  the vol tage  l i m i t  and -- N o ,  cor rec t ion ,  60 amp 
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charge t o  t he  vol tage l i m i t  and then a 30 amp charge aga ins t  

the voltage l i m i t .  

The next  condi t ion  was a l o w  rate discharge which- 

N o ,  low ra te  charge which cons is ted  oba 50 amp charge and 

15 amp charge. Subsequently, there was an overcharge test 

conducted where the cells were first charged t o  30 amps t o  

the voltage l i m i t s  and then 10 amps for  e i g h t  hours; then 

the re  was discharge a t  50 amps. 

Subsequently they received th ree  o r b i t a l  cyc les  

which were conducted at t he  average depth of discharge of 

30 percent.  I should say under design condi t ions there is a 

minimal depth of discharge of 12 percent  and maximum of 50 
\ 

percent  depth of discharge. And then afterwards t h e r e  was 

discharge a t  50 amps a t  one v o l t  i n  each ins tance ,  and the  

same regime was repeated zero  degrees C. 

Now w e  had the following designs. he had two pre- 

con t r ac t  cells which were a c t u a l l y  thrown i n  because they 

were what I had ava i l ab l e  for comparison. The base l ine  design 

is more or  less t h e  standard design which c o n s i s t s  of t h e  

28 m i l l  -- 29 m i l l  e lec t rodes .  Then w e  have a t h i n  p l a t e  

design which cons is ted  of about 22 m i l l  e lec t rodes .  Because 

of t he  t h i n  e lec t rodes  w e  could add t w o  more plates t o  the 

cells. 

Then w e  had the  post terminal  design which con- 
; c e  - Federal Reporters, Inc. 
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s i s t o d  of t he  base l ine  p l a t e s  except t he  only change were the 
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terminals;  of course a l s o  the  higher c e l l  case. 

Then i n  add i t ion  we ran  a base l ine  to cel l  i n  

shims. We wanted t o  see the e f f e c t  of the  t i gh tnes s  of t he  

pack. And before  t h a t  we had a WX 1242  which is polypropyline 

mater ia l .  The last  two cells were polypropy&ene.- ST 2140 i n  

combination with n woven p d ~ ~ o p ~ 3 . 8 n e k . .  Before t h a t  t i m e  

t h i s @ v e s  us  the b e s t  s t u f f ;  t he  combination of t h e  two would 

bu i ld  up t o  tht; thickness  of the nylon. 

Now s ince  we had s l i g h t  v a r i a t i o n s  i n  the a c t i v e  

mate r ia l  I have normalized the  da t a  and p u t  it on- It can 

be seen on the next  grap,h.. 

(S l ide  91. 

I took the p o s i t i v e  a c t i v e  ma te r i a l  u t i l i z a t i o n  

i n  amp hours per  gram times l o o 3  .-- This i s  a l i t t l e  nicer 

than percent ,  I thought -- versus t he  cyc le  number. 

One can note- Maybe I ' l l  go t o  the next- I 

averaged a l l  these  numbers. What i s  ! in t e r e s t i ng  here,  with thc 

p ~ & y ~ r o ~ ~ l e n e .  a t  the high discharge r a t e ,  we get a substan- 

t i a l  d ip .  

I f  you look a t  t he  20-degree d a t a  you w i l l  see i n  

genera l  a t rend i n  t he  cell 's  -- i n  the a c t i v e  mate r ia l  

u t i l i z a t i o n  was about a 20 a t  zero; t h a t  is  zero for a l l  

cells, b u t  e spec i a l l y  the 1poLypropy:leine. separater a t  the 

high discharge r a t e  w e  go t  a s u b s t a n t i a l  d ip ,  a r e l a t i v e l y  

poor performance. 
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However, I must add that the polyprophylene did 

not receive a heat treatment which they sometimes do for 

heat sterilization and which I've seen some information in- 

creases their capacity somewhat. That was not done on these 

To analyze the data . a  little bit further, - -  
2 "  ',. . .. j , .-. 9-- (Slide. 9 2 .  ) 

-- I have averaged for the 20-degree C. data and the zero- 
degree data the utilization for each cell .design. It clearly 

shows that the thin plate design, which is this one and this 

one -- X don't know why it doesn't come out a little bit 
. . 

.=learere Well, this one is the thin'plate design. The 

utilization, was the bzst compared to all the others. 

The pre-contract cell did pretty well at 20 degree 

C.; it did not do so well at zero. The baseline design and 

the opposed terminals and the cells with the shims performed 

essentially the same at 20 degrees C.; at zero degrees C., 

the baseline design was somewhat superior to the opposite 

terminal and the ones with the shims. 

The FT 2140 and the warm polypropylene: did not 

perform too well at all. 

(Slide 93.) 

We conducted some ratio tests to get some idea 

what the positive-to-negative ratio is and what the pre-charge 

adjustment is. In all instances we would have liked to see 
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a r a t i o  of 1.5 minimum. We have seen tha t .  The pre-charge 

was somewhat high; some cells were even higher.  

What we have done i n  cell 1 4  and 1 7 ,  we gave the  

cell some overcharge and then p u t  it i n  a cen t r i fuge  t o  reducc 

some of the e l e c t r o l y t e  and the  overcharge was conducted whilc 

the  cell  was open s o  the re fore  t h a t  precharge was changed 

so  we cannot use t h a t  too  much. 

Even then the  precharge was somewhat high. We'd 

l i k e  t o  shoot  f o r  a lower number i n  f u t u r e  cells. 

(Sl ide  94. ) 

We did  conduct some carbonate impurkty ana lys i s  

whereby we know what t h e  ana lys i s  of t he  e l e c t r o l y t e  is  a t  

f i l l i n g  and we analyze tne e l e c t r o l y t e  -- again what we took 

ou t  by t h i s  cen t r i fuge  technique and we found a s u b s t a n t i a l  

pickup i n  carbonate from what we had i n i t i a l l y .  

W e  somehow f e e l  t h a t  the carbonate must be con- 

t r i b u t e d  from the p la t e s .  Apparently it is introduced i n i -  

t i a l l y  and i t ' s  something t o  be watched ou t  fo r .  A2parently 

p l a t e s  during the dura t ion  of t h e i r  a f f e c t  must be washed 

thoroughly; maybe they have t o  be kept  i n  an i n e r t  atmosphere 

during shipment o r  i n  sealed conta iners  during shipment. I t  

could con t r ibu te  t o  a high carbooate content  later on. 

This i s  the  change i n  the terminal  design which 

we'd l i k e  t o  see i n  t h e  f i n a l i z e d  cells t o  reduce the torque 



stresses. Now when you connect your intercell csn~ector you 

don't apply any torque stresses through the ceramic which is 

delicate. 

(Slide 96.) 

This one is a sketch of the finalized module with 

these terminals. You see head caning out here. We didn't 

show the intercell connectors but this is how the intercell 

connectors are being placed on. 

I have many more results, I couldn't present them 

all because it's too lengthy. In cell group 3 we have used 

two additional polypropylene . separators and one of them is tht 

Hercules which we thought looks interesting, and the other 

one slips my mind right now, 

What's the second separator which- we use? . 

C A M :  Earl Carr, Eagle Picher. 

In the next group of cells which are being -- well, 
they're about tc: be closed right now, there are two cells 

with the.Hexcules separator as described hy Tom Henni'gan: this 
2. 

morning, and two cells have the thickest version of the new 

Pellon domestic pol~pr0pySene~. 

GASTON: Thanks, Earl, 

I just wanted to add;on the opposite terminals 

there were some good results achieved with this. Several 

years ago some large, signficant differences were found but 

we didn't find them this time and possibly it was the internal 
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cell  design where we f e e l  a l a rge  weight penal ty  would be put 

on the c e l l  and the  module a t  t he  opposi te  terminals and we 

j u s t  d i d n ' t  see an advantage. 

So I can br ing  the  module over here  i'f somebody 

would l i k e  t o  look a t :  the mockup. 

WROTNOWSKY : . A quick ques t icn?  

GASTON: Yes? 

WROTNOWSKI: W t  Wrotnowsky, GAF. 

Would you p lease  discuss t h e  p o t e n t i a l  range of 

the cell  s tack  pressure  expressed in p s i  t h a t  you have bmind 

f o r  your design? 

GASTON : The -- 
WROTNOWSKI: Stack pressure  or compressional s t rgsr ;  

the poss ib le  range that you might use? 

GASTON: I don ' t  have it with m e  r i g h t  now. I 

wculd have t o  defer it' to  .aa  l a t e t - . p o i n t .  ' . 

WROTNO'dSKI: Might you use heavy -- high pressure  

o r  must it be loose? 

GASTON: We don ' t  want too  high a pressure. We've 

found where we added the shim,.; a t  zero degrees C. ,  we had a 

poor perfonnonce compared t o  base l ine .  Also, i n  addi t ion ,  w i t h  

a high pressure ,  the p l a t e s  would . l i k e  t o  ..bow,*- 

If you have a high p r e ~ s u r e  i n  a s  cell- BY 

'pressuren I assume the  packing e f f e c t  -- then if the cell  

capnot -- i f  tho p l a t e  cannot ;bow i n  one d i r e c t i o n  it w i l l  



bow.: up or down on the edges, and there is that danger. 

Also, if we have it packed too tight, then the 

recombination is going to be affected, You're going to have 

poor recombination,, so you have to try to compromise. 

WEBSTER: . . Bill Webster , Goddard . 

Steve, one question. Was your opposite terminal 

cell also an Eagle Picher cell? 

GASTON: Yes. They were all built at the same 

time, the same type of plates, all Eagle Picher cells; right, 

GROSS: Sid Gross, Boeing. 

It wasn't possible to read all the detail on the 

slides you had, Steve, and I wonder if you- The main con- 

clusions that you came to on the configuration variables -- I 
didn't get all of them. For example, what did you conclude on 

electrode thickness? This was cne of the variables. 

GASTON: All right. An electrode thickness- At 

the moment we favor the thin design, although -- 
GROSS: Did you get some data to prove that it's 

better? 

GASTON: Yes. I didn't bring the voltage data but 

I have the voltage data and the utilization data, With the 

thin plate design, the utilization.was considerably better 

with the thin plate design at both temperatures. 

Also, I have the orbital information. We dotPt 

see any gain -- 
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GROSS: They r epo r t  p l o t t i n g  r e l a t i v e  performance 

rom the  l e f t  on the Y axis; -- ' 

GASTON: I wouldn't say -- 
GROSS: -- some r e l a t i v e  term? 

GASTON: I wouldn't say r e l a t i v e  term. I t 's  i n  

amp hours per  gram based o n ' t h e  p o s i t i v e  a c t i v e  mate r ia l  

and I assume a l l  cells a r e  p o s i t i v e  l im i t i ng  a t  charge and 

discharge and the r a t i o  r e s u l t s  show t h i s .  

So the re fore ,  I normalized a l l  t he  cells, based 

on the p o s i t i v e  a c t i v e  material. 

GROSS: Can you po in t  then to t h e ' t h i c k  e lec t rode  

.and t h e  t h i n  e lec t rode?  

GASTON: Okay. The f i r s t  column a r e  t h e  pre- 

con t r ac t  cells which happen t o  have th ick  e lec t rodes .  Then 

the  base l ine  cells a r e  t h i ck  e lec t rodes .  

Th i s  one is a t h i n  e lec t rode .  We have the oppo- 

s i te  terminal.  W e  chose a t  t h a t  t i m e  to use t he  base l ine  

e lec t rodes  without the terminals ;  t he  same th ing  with the 

Wx 1242.  It was t h e  base l ine  design wi th  . t h i s  polypropyline 

separa tor  mater ial .  The base l ine  design with shims; it was 

the  i n t e n t  possibly t o  have a t i g h t e r  pack, t o  add two more 

p l a t e s .  However, with shims we found t h a t  the lower tempera- 

t u r e  performance was q u i t e  good and we a r e  somewhat concerned 

about t he  bowing of t h e  plates and having t i g h t  design might 
. . 

lead us t o  premature f a i l u r e .  
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The FT 2140 a l s o  had base l ine  p l a t e ,  

Again pre-contract  base l ine  t h i n  p l a t e s ,  opposi te  terminals .  

WX 1 2 4 2  base l ine  and shims,  FT 2140. 

GROSS: Okay. So t h e  t h r e e  --., t h e  four  -- If I 

look a t  that co r r ec t ly ,  the four  lowest performers were 

poiypropY1ene separa tor  -- i s  t h a t  r i g h t ?  

GASTON: These two types, yes. These two types,  

t h i s ,  t h i s .  O f  course it depends on what temperature you're 

t a lk ing  about. The very lowest,  t he  20 degrees C., i s  t h e  

FT 2140 which a l s o  had a woven polypropylene,., 

The next  lowest was WX 1242.  Then f o r  a l l  t he  

o the r s  i t ' s  an even toss; they performed i d e n t i c a l .  

Now a t  your: low tempexature- The lowest was t he  

FT 2140 with t he  woven polypropylenei.  The next  lowest was 

the pre-contract  cell. 

Now t he  pre-contract  cells had a l i t t l e  d i f f e r e n t  

design. They had a l i t t l e  more e l e c t r o l y t e .  They had some- 

th ing  l i k e  23 percent  based on the weight of e l e c t r o l y t e  t o  

the  core weight r a t i o .  So whether t h i s  was a con t r ibu t ing  

f a c t o r ,  I don ' t  know. But at low temperature t he  pre-contract  

c e l l  performed the next lowest,  and then i t ' s  t h e  poly- 

pxopyletie.: . 

Now w e  chose- I n  the group '3 cells w e  chose 

d i f f e r e n t  polypropylenes and i f  necessary,  we might want t o  

g ive  a hea t  t reatment  like i s  being done i n  hea t  s t e r i l i z a t i o n ,  





! - Federal Reporters, Inc, 
25 

173 

GROSS: Thank you. 

FORD: Steve,  I think you could c l a r i f y  one point. 

On t h e  Y a x i s  you have ampere hours pe r  gram. Is t h a t  ce l l  

weight o r  core weight o r  what grams is t h a t ?  

GASTON: I t 's  ampere hours pe r  a c t i v e  p o s i t i v e  

mate r ia l ,  a c t i v e  p o s i t i v e  mater ia l .  

DUNLOP: Jim Dunlop from Comsat. 

That ' s  my quest ion,  b u t  T want t o  c l e a r  it up a 
. .. . 

l i t t l e  more. 

The number is-- I still can ' t  read it, so will 

you t e l l  me  what the ampere hours per  gram are, what t h e  

number is up there? 

GASTON: Okdy. I apologize. I thought it would 

be a l i t t l e  b i t  c l ea re r .  , 

I pu t  on t he  axis loo3  s o  whatever the values are, 

i t ' s  l o v 3  so t h a t ' s  223 on the 23 degree C. da ta .  For t h e  

pre-contract  cells I have 223, o r  .233 if you take loo3.  For 

the base l ine  we  have 220; for t h e  t h i n  p l a t e  w e  have 244;  f o r  

t he  opposi te  terminals  we have 220; f o r  the WX we  have 206; 

f o r  t h e  base l ine  and shims we have 221; for the- Did X 

sk ip  one? No. 

For t he  FT 2140 with the woven ~ ~ ~ Y P T ? P Y ~ W ~  

we have 173. 

Now these are t h e  averages f o r  two c e l l s  f o r  a l l  

t he  condi t ions which I conducted tests f o r  which I had pointed 
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o u t  i n  previous  slides. 

Now for zero degrees C. f o r  t h e  pre-cont rac t  cells- 

DUNLOP: Tha t ' s  er.,.!gh, I t h i n k  I can get  it off 

now. . 

Let m e  ask another  ques t ion  now. To relate t h i s ,  

s i n c e  I can't remember off-hand the  convers ion,  i f  you assume 

t h a t  your n i c k e l  i s  going from t h e  three-valen state to  t h e  

two-valen state or something l i k e  t h i s , - -  

GASTON: Y e s ?  

DUNLOP: -- how much does this r e p r e s e n t  in terms 

of percentage -- 
GASTON: P e r c e n t .  

DUNLOP: -- of the theoretical? 

GASTON: I d o n ' t  recall t h e  number off-hand. 1 .  

t h ink  somehow tha t  260 i s  the theory. I wouldn't  want t o  make 

t h a t  s ta tement .  I d i d n ' t  bring t h a t  number along. 

DUNLOP: Okay, 

GASTON: Is t h e r e  anybody who can help u s  o u t  i n  

t h a t  respect? 

GINER: 289.  

FONT: 286.  

GASTON: 286. 

DUNLOP: So you ' re  r ea l ly  saying up t h e r e  t h a t  240 

r e p r e s e n t s  about an 85, 90 percent u t i l i z a t i o n ,  -- 
. . .. 
GASTON: Yes. 



DUNLOP : --- something l i k e  t h a t ?  

GASTON: Yes, I th ink  t h a t ' s  p r e t t y  good. I don ' t  

know whether w e  can do a l o t  b e t t e r .  

CARR: Ear l  Carr, Eagle Picher. 

J u s t  one o ther  th ing  I ' d  l i k e  t o  p o i n t  o u t  and 

t h a t ' s  i n  t h e  charge regime, we charged a t  a cons tant  cu r r en t  

t o  a vol tage  cu tof f .  This is the way a l l  t he  cells were 

charged. They were charged t o  1.51 v o l t s  a t  20 degrees C. 

and they were charged t o  1.58 o r  1.57- 

Do you remember t h e  -numbers, Steve? 

-- a t  zero degrees,  'something higher  than -- 
GASTON: It's 1.57. 

CARR: And then t h e  o the r  th ing  is t h a t  t he  reason 

f o r  t h e  lower u t i l i z a t i o n  a t  zero degrees C. i s  because the 

cells such a s  t h e  pre-contract  cells which were j u s t  shown 

reached t h e i r  vol tage  cutoff  quicker  and i n  t h a t  case  they 

were wetter cells which i s  what you would expect.  

VOICE: What was t h e  cutoff voltage? 

CARR: 1.57 a t  zero. 

VOICE : What about 'discharge? 

CARR: Oh, on discharge one vo l t .  

GASTON: One v o l t .  A l l  t he  capaci ty  was measured 

t o  one vo l t .  

STEINHAUCR:. Steinhauer,  Hughes. 

You have an i n t e r e s t i n g  packaging design. I was 
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wondering i f  you could t e l l  us  approximately what percentage 

of weight is cont r ibuted  t o  t h e  packaging and t o  the cell? 

GASTON: I th ink  we have t h e  ra t io  1 . 4  to 1, 

You've g o t  t o  r e a l i z e  i n  this design,  s a f e t y  i s  t h e  first con- 

s i d e r a t i o n  because i t ' s  a manned crew. A l s o ,  thermal c o n t r o l  

i s  a cons idera t ion ,  so I th ink  w e  can get a more optimum 

des ign  a t  a later po in t .  

And one of the reasons is r i g h t  now we have- 

The cell cases are s t i l l  hand-made. W e  have tolerances--  I: 

shouldn ' t  say "hand-made." They're n o t  drawn.containers ;  

theyl re .welded  conta iners .  ' You have to le rances  on that and 

when we make the b a t t e r y  con ta ine r  w e ' l l  have t o  design for 

the t h i c k e s t  o r  f o r  the largest to le rance .  

Subsequently, i f  we .can go to :&-  Pf drawn con- . 

t a i n e r s  becomes a f l i g h t  program, then we can make the module 

smaller and get a more b e n e f i c i a l  weight . ra t io .Right  now t h i s  

gap is f . l l e d  up with  pu t t y ,  thermally conductive pu t ty .  

STEINHAUER: And then s p e c i f i c a l l y  you have t h i s  

aluminum on t h e  ou t s ide .  

GASTON: Yes, 

STEINHAUER: Is t h a t  t h e  1 - 4 -- 
GASTON : ~ i g h t  . . 
STEINHAUER: -- f a c t o r  that you're  t a l k i n g  about? 

GASTON: Right. 

Now t h i s  t o p  i s  a dust cover which could be changec 

. 
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t o  a hermetically sea led  conta iner  i f  t h a t  becomes necessary. 

That decis ion  has no t  been made a t  t h i s  t i m e .  

Also, they 'chose  the 0-terminal configurat ion.  

I t  has a quick connect-disconnect mechanism. The sur face  has 

t o  be f l a t .  Of course t h a t  is going t o  be eacing the  cold 

w e l l ,  the cooling w e l l  i n  t h e  space s t a t i o n .  So t h a t  t he re  

a r e  a whole number of cons idera t ions  because t h i s  is a 

s p e c i a l t y  package for a manned appl ica t ion .  

WROTNOWSKY: Wrotnowsky again,  GAF. 

On the  WEX 1242, 1 be l ieve  t h a t  Eagle Picher  

leached the -- 
GASTON: Yes. I should have added a l l  these  poly- 

propylene. se2ara t ing  ma te r i a l s  have been washed, I th ink  

th ree  times, i n  -- 
WROTNOWSKY: You know t h e  Canadians have a s imi la r  

mate r ia l  i n  f l i g h t  s t i l l  opera t ing  a f t e r  seven years .  This 

was no t  leached. W e  don ' t  suggest t h a t  you leach it. You're 

going t o  develop non-wettabi l i ty  and res i s tance .  

GASTON: Well, we  had- S.evera1 years  ago w e  

had a problem on the nylon with t he  add i t ion  of wet t ing agents 

whichapparently showed up a f t e r  a considerable  number of 

cycles.  I am somewhat concerned.about t h e  add i t ion  of 

wett ing agents  and I prefer not  t o  use any. 

FORD: Okay, we have t o  s t o p  f o r  a moment i n  order 

f o r  t he  recorder  to  change h i s  tape.  
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I n  addi t ion ,  I would iike to make a cornment X 

made e a r l i o r  before  t h e  m e t i n g  go t  started. 

On the table t o  my l e f t ,  and t o  your r i g h t ,  a r e  

two black notebooks labeled "Photographs o f  f a i l u r e  analysis 

of nickel-cadmium cells, Va1.1, Vol.11." This  is a group 

of photographs we have accumulated mainly from the Crane 

t e a t  program over a period of several years ,  some from M e  

GodAard test. There are some very i n t e r e s t i n g  r e s u l t s  t h a t  

you can f i n d  'from looking a t  these photographs. It covers 

a l l  manufacturers. There are a l l  types of f a i l u r e  i l l u s t r a t e c  

Please,  a t  your l e i ~ u r e ,  t h i s  af ternoon or tomorrow, f e e l  

free t o  leaf through them, 

I f  there i s  t i m e  tomorrow i n  the discuss ion ,  there 

are sane specific photographs I hope to  be able t o  pu t  up 

on the board f o r  f u r t h e r  discussion.  Decause it is  my opin- 

ion  t h a t  we have i d e n t i f i e d  'a f u r t h e r  l i m i t a t i o n  on the 

nickel-cadmium cells, once we saw atparator seal 

problems. Weere g e t t i n g  down now t o  the basic p l a t e  con- 

s t r u c t i o n  and how i t 's  de te r io ra t ing .wSth  l i f e ,  And, 

be l ieve  m e ,  I donet th ink  you can get any more basic than 

tha t .  

VOICE: What does the schedule look l i k e  f o r  

tonor row? 
, 

FORD: The quest ion i s ,  What does t h e  rchedule 

look l i k e  for tomorrow? I f  you w i l l  bear ,  and indulge wi th  
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us, we have two more presenta t ions  f o t  t h i a  afternoon,  which 

w i l l  f i n i s h w  t h i g  p a r t i c u l a r  aspect.  I n  t h e  morning, I 

bel ieve  i t ' s  on mater ials .  And also we cover thermal. 

Our plan a t  t h i a  po in t  is to  get through a s  e a r l y  

as possible ,  such t h a t  we can lot people leave t h a t  have t o  

meet schoduler, And those that would l i k e  t o  s t a y  around 

f o r  f u r t h e r  d iscuss ion  and rehash some of the t h ings  t h a t  

v&'ve gone in to ,  we w i l l  d~ t h a t  also. 

So t h e  idea  is to  f i n i s h  as much of t h e  formal 

presenta t ion  as possible, perhaps by noon tomorrow, 

Okay, i f  we could get back to t he ' p r e sen t a t i on ,  

As I mentioned earlier, w e  have some ques t ions  

regarding.... As you a l l  know, we have h e n  tak ing q u i t e  a 

bit of data, q u a l i t y  assurance da ta ,  test data, during the 

process of the OAO program i n  manufacturing f l i g h t  batteries. 

T h i s  started e a r l y  i n  1968, when w e  s t a r t e d  on the e a r l i e a t  

f l i g h t  batteries f o r  the A-2, 

We have a gentleman here f t o m  Grumnan Aerospace 

who w i l l  present some performance d a t a  on the A-2 f l i g h t ,  

I w i l l  complement t h a t  a f t e r  he is f in i shed  with  h i s  pre- 

ssn ta t ion .  

What does a l l  t h i s  d a t a  mean to  us? fiow can we 

use i t ?  Why are we tak ing it? 

It's time we took a look a t  t h a t .  

Right now I would like t o  introduce Joe O'Rourke 



from Gruman Aerospace Corporation, who would l i k e  t o  address 

you on severa l  topica.  One rs  on 3-2 f l i g h t  da t a  performance, 

capaci ty ,  and f l i g h t  wnight screening, and the  r e l a t i o n s h i p  

between the  e lec t rode  capaci ty  r a t i o  teftt t h a t  i s  required 

i n  t h e  spec i f i ca t i ons  r e l a t e d  t o  manufacturers' data .  A r d  

then a l l  t h i s  is related t o  a con t r ac t  t h a t  G r m a n  haa i n  

regard to  the OAO program, which is a d a t a  ana lys i s  program 

t o  go thrdugh an an&lys ia , to  regression3 and make some pre- 

d i c t i o n s  and 'sea J u s t  what a l l  t h i s  d a t a  is meaning to  us  

today. 

A t  this t i m e  I would l i k e  t o  introduce J m  O'Rourkc 

O'ROURKE:. As Floyd mentioned, there h a s  beon 

a b i t  of data generated along the 20-ampere-hour 

nickel-cadmium cell l i n o  as a result of the.'OAO satell i te 

program. Unfortunately, the  OAO program is s t a r t i n g  t o  

phase down now. So we a l l  thogagkt maybe it would ?-o a wise 

t h ing  t o  get hold of a l l  of this d a t a  and pu t  it i r  ..me 

handbook fashion s o  t h a t  it would be of b e n e f i t  t o  anyone 

i n t e r e s t e d  i n  nf-cad batteries a t  a later date .  

(Slide: 97. ) 

This is e s s e n t i a l l y  an o u t l i n e  of t h e  a r e a s  that 

1'11 be looking i ~ t o  an the data antalysis-,progztum. 

Under process controls, one th ing  I -dl1 be look- 

ing  a t  is documenting t h o  chxonology of the OAO cell spec 

Cave lopment. 
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I did was, I took the data, ampere meters per  decameter 

squared, mul t ip l ied  it by t h e  area of t h e  p la te .  And we 

used nine pos i t i ve  p l a t e s  i n  the cell. And I mul t ip l i ed  t h a t  

ou t  t o  come up with an equivalent  of 20-ampere-hour cel l  

capacity.  

The f i g u r e s  given are LIe ampere hours, negat ive 

-p l a t e  ampere hours for the SAFT capacity.  

Then we do a formation discharge during t h e  .. 

processing, and we see t h a t  t h e  negative p l a t e  capaci ty  t h e r e  

is around 97 or 98 percent  of what it is ca lcu la ted  t o  be 

from t h e  initialSAFT sample. 

Then f o r  the OA0 we take t h r e e  r a t i o  samples. 

One r i g h t  a f t e r  formation, one after the plates'are r insed ,  
. 

washed and dr ied ,  and then  we do a f i n a l  post-production cell 

r a t i o .  

I guess the i n t e r e s t i n g  th ing  here  is t o  see 

t h a t  t h e  ratio -- that the capaci ty  has  increased. Post- 

formation it's somewhere around 112  t o  1 1 4  percent  of what 

it was from the ShFT sample. The post-rinse,  somewhere aroun6 

112 t o  117. And t h e  f i n a l  cell, we're seeing somewhere 

around 106. 

So we're see ing a net-increase i n  negative plate 

capacity.  

(S l ide  99.) 

Okay. T h i s  is the same th ing  with the p o s i t i v e  
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plate, starting out again with the initial positive plate . 

capacities. 

Notice from the SAFT data they are very close to 

what the negative plate capacities were. 

During formation it drops considerably. And 

when I say *drop,' we may not really be seeing a loss in' 

capacity. The SAFT cycling technique is different, they are 

using different charge and discharge rates. And that may 

account for some of this. 

But from formation- dawn to -ratio uewre essentially 

using the same type of charge-discharge reghie. And wewre 

seeing final ratio positive capacity around 83, 85 percent 

of what it was calculated from the initial SAFT capacity. 

So the initial ratio that SAFT may show may be 

very low, but when we do measure our final ratio in the cell 

we can be up -- if we start with something around a ratio 
of 1 we could end up anywhere between 1.3 and 1.4, something 

like this. 

Okay. Well that was one thing that I looked at 

in the cell component analysis. 

Also included in here will be documentation of any 

separator tests and KO11 analyses which we made also. 

Ancther thing included in here with the last batter 

build, the one built last sumer, we started screening the 



p l a t e s  as they came i n  on the  basis of weight. Gerry Halpert 

d id  a study showing t h a t  i f  'we screened the plates i n i t i a l l y  

we would be g e t t i n g  t i g h t e r  capaci ty  groupings, 

(Sl ide ,  100.) - 

.And that is  e s s e n t i a l l y  verified here. 

The three b a t t e r i e s  p r i o r  to the one b u i l t  l a s t  

summer, the capacities are e s s e n t i a l l y  very close t o  being 

normally distributed &out a mean, The X A ,  26A mean cell  

capaci ty was 25.46, and one standard deviation was .62 ampere 

hours, and a total range of 2.83. 

The next. one, cell Ho. 30,31, had'a mean of 

e s s e n t i a l l y  the same, 25.63 ampere hours. By the way, these 

two b a t t e r y  builds used the same SAFT p l a t e  lot;. so you 

would expect t o  have about t h e  same average capaci ty  and 

same standard deviat ion;  which they do. 

Each battery assembly, which t h i s  represents ,  -- 
although there are sixty-six cells in a ba t te ry ,  when the  

vendor makes th-e ba t t e ry  they make around 150 cells; and 

t h a t ' s  what these d i s t r i b u t i o n s  r e f l e c t ,  the t o t a l  of a l l  . 

t he  p l a t e s  for i50 c e l l a .  . 

Turning to  32, 33, it had a mean of 26.22 ampere 

hours, and a standard devia t ion of .51. Range, about t h e  

same, 3.68, as 30,31. 

Now 34,35, which was b u i l t  las t  summer, we screened 

t h e  p l a t e s  as they came i n ,  And although t h e  capaci ty,  t h e  
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p o s i t i v e  plate capaci ty  was -- which w e  expected -- t he  t o t a l  

range and the standard devia t ion  aboutthe mean was s i g n i f i c a n t  

decreased. The standard devia t ion  here was ,33,  which was 

almost ha l f  of what it was i n  some of t h e  earlier bu i lds ,  

And t h e  total  range is about hal f  what we saw before, also .  

(Slide ' 101. ) 

Okay. During the formation cycle -- what I present1 

just before was during a f i n a l  discharge capaci ty  cycle.  

Th is  he re  is  during formation when they measure the p o s i t i v e  

plate capaci t ies .  And we see the samedecrease i n  spread of 

capac i ty  here. 

For 34,35, which is with the p l a t e  screening,  the 

one standard .deviat ion i s  .335 ampere hours, And f o r  32 and 

33, without p l a t e  screening,  it was about double t h a t ,  about 

.6 ampere hours. . 
. 

(Slide' 102. ) 

This  I thought was i n t e r e s t i n g .  T h i s  is the  

negative p l a t e s  during formation. And what f see here is,  
. b d '  

w e  don ' t  have the  decrease i n  capaci ty  spread l i k e  we did 

on t h e  p o s i t i v e  plates. I don' t  know whether Gerry Halpert 

found t h i s  t r u e  on h i s '  negat ives  o r  not. But t h i s  is, 

again,  f o r  each s e r i a l  nunbexed b a t t e r y  the re ,  and each 

d i s t r i b u t i o n  r e f l e c t 8  a sample of probably w e l l  over 200 

formation 

So t h e  sample s i z o  is ~ i g n i f i c a n t  enough t o  ca l l  it 



14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
'-:I' Reporters, Inc. 

25 

s ign i f i can t .  

The spread here,  t h e  standard devia t ion  f o r  t h e  

one with p l a t e  screening,  i a  a c t u a l l y  s l i g h t l y  h igher  

ampere hour capaci ty ,  almost enough t o  say they're t h e  same, 

. ac tua l ly ,  But we're not seeing the range baing decreased 

l i k e  we did with the pos i t i ve ,  

, Csltae 9 7 .  ) -.- . 
Okay. Continthg along with the data a n l y s i s  

program : 

Under cel l  we have a l o t  of data 

generated during electrical tes ' t ing now. Whit I 'n looking 

a t  on t h e  electrical t e s t i n g  is such th ings  as t h e  fornation, 

t h e  rat io tests, t h e  capaci ty  cycles ,  the overcharge d a t a  

that we run during t h e  vendor t e s t i n g ,  and pre-charge. 

I did f i n d  something o u t  t o  do with pre-charge , 
but I geess 1'11 save t h a t  for tarnotrow when we're going t o  ha7 

a session on pre-charge. 

This  th ing  I found on pre-charge was t h e  r e s u l t  

of -- I'm a l s o  using a mul t ip le  regress ion  technique, which 

is s i m i l a r  t o  t h e  one being used by Eagle Picher i n  their 

process va r i ab l e  study. Es sen t i a l l y  I'm t ak ing  t h e  data -- 
the var iab les ,  the da ta  t h a t  we took on cell  va r i ab l e s ,  and 

I'm regress ing  them again to dependent var iables .  In this 

case, the one I did was, I was regress ing  t h e  i n t r i n s i c  cel l  

va r i ab l e s  aga ins t  t h e  amount of oxygen gas generated during 
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pre-charge which we measured on t h e  las t  build.  

Under ba t t e ry .  performance, we alwayrs , of course, 

run acceptance tests  a t  Grumman, and Goddard runs another  

one on t h e  veh ic le  p r i o r  t o  launch. And we have a l o t  of 

da t a  there .  And t h a t a  s valuable i n  comparing it with subse- 

quent f l i g h t  data.  

W e  have a cornputer model of the ba t te ry .  And 

t h i s  i s n ' t  a simple mathematical equation with, you know, so 

many var iab les ,  you plug them i n  and you g e t  a response. 

It's a dynamic computer model where you inpu t  i n t o  t h n  modal 

var ious  condi t ions l i k e  the vol tage  youa re going t o  charge 

t o ,  t h e  , ba t t e ry  temperature, your charge and discharge rates, 

things l i k e  t h i s .  And b:? ex t rapo la t ing  between parametric 

curves, charge-discharqe curves which are i n s i d e  the computer 

program,it p red ic t s ,  based on temperature and s t a t e  of 

charge, and things l i k e  this, what your vol tage  and discharge 

p r o f i l e  w i l l  look l i k e ' a t  any po in t  i n  t i m e  i n  orbit. 

I have with m e  a vu-graph which I ' ll  shovr i n  a 

moment which compares the a c t u a l  f l i g h t  d a t a  and acceptance 

test  da t a  with t h e  p red ic t ions  by t h e  computer model. 

Under l i f e  and s p e c i a l  tests, on the  OAO there 

were. q u i t e  a few OAO cells ou t  a t  Crane which are going 

through a v a r i e t y  of regimes. 

One thing w e  were looking a t  yesterday was, w e  

have three packs of f ive  cells each a t  Crane, where we are 
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trying to evaluate what happens to a cell, or a battery 

under various storage configurations, O f  course this is a 

very important iten in the sense that once a battery seller 

delivers a battery, then the problem is if it's stored im- 

properly and then doesn't perform up to what it was supposed 

to, that can raise all kinds of problems, 

Essentially what you want to do is, if the battery 

performs wel$;,or:eatisfactoIily, upon delivery, you'd like 

to keep it that way until the flight, and hopefully have it 

perform that way throughout the flight,. 

We essentially have'three packs oht there, one 

which WQ stored shorted for six months. And I guess, Floyd 

you'll be presenting some of this data right after. 

One pack we stored shorted for six months, 

Another pack we put on a trickle charge, a very low charge, 

a half amp,for six months, And the third pack we put 

through a series of charge cycles, discharge cycles, open 

circuit stands, to simulate what the battery would see during 

the vehicle integration and checkout; more or less a random 

electrical type regime. 

We also have cell8 out there which we have had 

special pre-charges done, or modified pre-charges to. And 

we're evaluating the performance of those, And, of course, 

we also have cells which are undergoing life cycling tests, 

and we have some up to 19,000 cycles, 







I want t o  explain that t h i s  por t ion  i n  here, after t h e  dis- 

charge, t h e  b a t t e r y  vol tage w i l l  increase  u n t i l ,  depending 

upon the tsmparature, it  h i t a  a spec i f i ed  vol tage  l i m i t .  

And when t h a t  happens the regu la to r  comes on and keeps the 

b a t t e r y  a t  a constat po ten t i a l ,  
$ 

Now what we're seeing here  is, during t h e  accept- 

anct test,  which i s  t h e  t r i a n g l e  here,  t h i s  is  the poin t  . 
t h a t  t h e  regu la to r  came on during t h e  acceptance test. 

I n  f l i g h t  now we're seeing t h e  regu la to r  coming or. approxi- 

mately eleven minutes sooner, So t h e  b a t t e r y  is charging 

with a higher vol tage ,  

Essentially t h e  b a t t e r y  model r e f l e c t s  t h i s  

slightly. And it follows the cu r r en t  and discharge voltagt:  

p r o f i l e  rather well. 

Okay. Then when t h i s  con t r ac t  i s  completed 

c e r t a i n  conciusions and. recommendations w i l l  be able to  be 

made based on, hopefully,  what we f i n d  out by ty ing  a l l  of 

this da ta  together ,  

Oae t h i n 5  will be t o  cha rac t e r i ze  a t y p i c a l  

20-ampere-hour nic?:e:-cadmium cell. It p08aiSly may reveal 

new f ea tu re s  which we nay want LO inccrpora te  i n  a ni-cad 

c e l l  spec i f i ca t ion .  

I n i g h t  po in t  o u t  thak one thing t h a t  I found on 

I 
t h e  pre-charge was already employed i n  the cell spec for 

the next  b a t t e r y  bui ld.  
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I hope t o  i d e n t i f y  those key paraneters  which 

inf luence a c e l l ' s  behavior, Possibly,  h o p f u l l y  -- as 
Floyd mentioned before -- be able t o  p red ic t ,  based on the  

manufacturer 's da t a , a t  t h a t  t i m e  anything t h a t  could cause 

a cel l  t o  f a i l  earlier or have some adverse performance, 

And, of course, ,of immediate concern is, i f  we 

do d i scova r ' a  problem, how cou,d we -- what type of con t ro l  . 
could we enploy on a spacecra f t  t o  br ing t h a t  problem back 

i n t o  l i m i t s  t h a t  we would des i r e ,  

Okay, Thank you, 

FORD: Okay, Joe, Thank you, 

We'll open the  f l o o r  f o r  ques t ions  a t  t h i s  time, 

PASCHAL: Paschal,  Marshall Space F l i g h t  Center, 

I n  respect t o  your var ioxs  s t c r age  modes, shor ted  

orlt, cycled, and oper c i r c u i t  condi t ion,  What were your 

conclusions from th iss tudy?  

O'ROURp+33: Well, we j u s t  began looking a t  the d a t a  

yesterday, It ' s really premature to make ' any d e f i n i t e  

conclusions, 

We did see that on. t h e  cells t h a t  were on t r i c k l e  

charge f o r  s i x  months, they had higher  capacities than they 

did a t  t h e  vendor's t e s t i ng .  The cells t h a t  were shorted 

o u t  had s l i g h t l y  lower, maybe an ampere hour capaci ty ,  than 

they did i n i t i a l l y .  And the cells that were on random type 

r,aaipulszion had capacities somewhere just a little b i t  highe: 

+ 
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than they were i n i t i a l l y ,  bu t  not  q u i t e  as high as tho ones 

t h a t  w e r t ;  on t r i c k l e  charge. 

So with t r i c k l e  charge we d i d  see a s l i g h t  growth 

FORD: One add i t i ona l  observat ion was t h a t  t h e  

cell that had been on t r i c k l e  charge did no t  show any inc rease  

i n  the overcharge voltage. .  a t  O°C. , where as t h e  other two . 
packs, one being on s to rage  and the o the r  i n  s p a c e c r a f t -  

simulation test, both of those  had to be terminated on over- 

charge because of hitting an upper l i m i t  of one-five-five, 

s o  they did not complete the 5-hour C/20 overcharge test. 

All three packs went through this test i n i t i a l l y .  

So it is f a i r l y  e a r l y ,  i t ' s  only s i x  months a t  

t h i s  point .  The program c o n s i s t s  e s s e n t i a l l y  of a s i x -  

nonth period with a re-running of a nwnber of t e s t s  every 

s i x  months. We're only at Step 1. We have a t  least a two-  

year  goal  on this prsgmm. 

The information is  ava i l ab l e  d i r e c t l y  f rom Crane. 

For those of you dho are i n t e r e s t e d ,  I c& give  you t h e  

pack numbers for i d e n t i f i c a t i o n ,  and it can be obtained from 

them d i r ec t l y .  

DUNLOP: This  i s  Jim Dunlop from Comsat 

I have a comment and a quest ion,  and I ' l l  give you 

my comment f i r s t .  

I ' m  going t o  prs-empt myself here because tomorrow 
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i n  our pro-charge study, or ,presenta t ion ,  we're going t o  
- 

present  some data on cells t h a t  we've . been  running s ince  

1969 i n  three different storage modes, 

h1 we've been doing i n  t h a t  test i s  p u l l i n g  out 

a cell every s i x  months from overy s to rage  mode and running 

it through a complete chemical and electrochemical  ana lys i s ,  

There are th ree  s to rage  modes, One s to rage  mode 

is t r i c k l e  charge, and those cells are i n t o  t h e i r  -- X think 
it 's their six e c l i p s e  season, s t a r t i n g  i n  about a week. 

And they ' re  behaving r a t h e r  w e l l ,  f rankly.  . 

The cells tha t .were  .s tored completely passive 

with nothing p i n g  on during t h e  storage mode, a l l  developed ' 

high vol tage  c h a r a c t e r i s t i c s  during t h e  las t  e c l i p s e  season, 

We have. terminated t h a t  test because t h e  u t i l i z a t i o n  of t h e  

cadnitma e lec t rode  apparent ly is no t  adding, i tappears ,  any 

overcharge protec t ion  any longer,  

The cells that are cycled every t h i r t y  days 

curing the e c l i p s e  period and s to red  pass ive  t h e  remaining 

time 'are still behaving quite w e l l ;  very:;8imilhr.; to :the cells 

that a r e  on t r i c k l e  charge, 

That's t h e  comment, 

Passive i s  no t  with a sho r t ,  Because we're r e a l l y  

t ry ing  t o  run t h i s  test just l i k e  we run a=- -- Te 's  j u s t  l i k e  

In te lsa t -4  is supposed t o  operate.  

So what w e  do La, on t h e  two passive modes, one is 
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charged, open c i r c u i t ,  and recharged every t h i r t y  days, 

That's very .similar t o  the ATS F&G, I guess. 

That mode is st i l l  working f i n e ,  by the  way. - 
The other mode is  the one where we discharge  it 

down. It's then a c t u a l l y  left open c i r c u i t ,  b u t  t o  s imula te  

the satell i te -- t he  way the satellite is designed8 i t ' s  

p r e t t y  similar t o  most satellites; you've g o t  the b a t t e r y  

and solar a r r a y  parallel t o  the t e lemetry  load,  so that  

you're always able t o  command the satellite, And that's a 

12-1/2 milliamp load. So any t i m e  t h e : b a t t e r y  would tend  t o  

t r y  to opera te  above the solar a r r a y  it would d e l i v e r  t h i s  

12-1/2 rnilliaxnps. 

So what it does, it p u l l s  the b a t t e r y  down t o  the 

solar a r r a y  voltage, which is about something l i k e  1 t o  1.1 

v o l t  per  cell, and clamps it there, If  it tries t o  go higher 

it draws cur ran t ;  i f  it goes lower, it goes off. It j u s t  

clamps it there .  

It clamps it there i n  an almost compXeteLy 

discharged mode, i n  eosence. B u t  no t  with a shor t .  

O'IWURKE: And d id  you have a quest ion? 

DUlJLOP: The ques t ion  is: I ' m  sure you must have 

been l eading  up t o  something when you s a i d  you had, i n  y m r  

pre-charge tes t  you had uncovered smethizg t h a t  you included 

i n  your spec-; Now you' re probably no t  wil l ing-  

O'ROURKE: I c a n ' t  reveal it. Sloep on it. 
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(Laughter) 

FORD: Jim, t h a t ' s  p ropr ie ta ry  information you're 

asking fo r .  

DUNLOP: Now come it's propr ie tary?  

FORD: Because we're it a t  Goddard, Joke. 

(Laughter) 

Are there o the r  questions? 

(No response) 

Okay. Thank you, Joe. 

SLlce I have designated myself t o  be last, I would 

o f f e r  you the chance to go home and no t  hearhe, b u t  you 

might take it. So I ' m  going t o  take about twenty minutes 

of your time, And I hope this will conclude those people 

who had asked t o  p resen t  something; with the exception of 

one person who sa id  they would like to come back i n  t he  

morning, since they ' re  no t  totally prepared f o r  it tonight .  

As you knw, i i l  the las t  couple of workshop . 

sess ions ,  w e  have bean t a l k i n g  about double pla teaus ,  lass 

of discharge vol tage  with cycling, 10.3s of capacity, and- - 
I'm going t o  use t he  word once am? not use it any more 

today, --memory e f f e c t .  

f would l i k e  t o  present  some data today t h a t  we 

have accumulated through the OAO ce l l  test program, which, 

as Joe has indica ted  earlier, has been quite extensive,  

But,quite f rankly,  I th ink  we're a l o t  smarter today i n  
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t w o  areas: one, how t o  bu i l d  a better mousotrap...,or how t o  

bu i ld  a bettor b a t t e r y ,  and, two8 how t o  better u t i l i z e  

t h a t  b a t t e r y  once we've gbt: i% i n  space. 

a Sd without further t o  do I ' m  going t o  pu t  t h e  

f i r s t  s l i d e  up. It's very involved, s o  bear with me. And 

I would l ike  t o  go through t h i s  slide step-by-step. 

(S l ide ,  104 . )  

When t h e  OAO A-2 b a t t e r y  was b u i l t ,  serial  numbers 

25A and 26A, which is c u r r e n t l y  i n  t h e  A-2 spacecra f t ,  and whic 

on December 7 th  w i l l  have completed three years i n  orbi t ,  w e  

i n i a t e d  cel l  tests a t  Goddard on the f l i g h t  cells t o  try t o  

determine i f  those cells would meet our  mission requirements. 

In doing so, we i n i t i a t e d  a cyc le  test on a 90- 

minute o r b i t ,  running a t  15 percent depth of -d ischarge  end 

a t  lS°C. temperature. 

The OAO spacec ra f t  b a t t e r y  throughout 98 pe rcen t  

of i t s  l i f e  has  operated from t h ?  temperature range, i n  F., 

I would l i k e  t o  call your a t t e n t i o n  to  t h e  first 
.Y 

curve X have l&eled '1.' :+P 

I n  t h e  top is t h e  f i r s t  cuwe .  And I w i l l  

address each curve i n  t he  .sequence of t h e  numbers a t  the  top 

of each label. In the bottom parentheses is t h e  t o ta l  number 

of accv-. !a t ive cyc l e s  we placed on .;hose c e l l s  i n  this 

cycle regime. 
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Thid cycle  regime uses a vol tage con t ro l ,  as 

implied e a r l i e r  by Joe O'Rourke i n  hi8  presentat ion.  I t  

uses  e s s e n t i a l l y  a cu r r en t  l i m i t  in t he  test,  which is es- 

s e n t i a l l y  a dolar  a r r ay  l i m i t ' i n  the spacecra f t ,  u n t i l  you 

reach a pra-set vol tage  l i m i t .  Then you go i n t o  a conventiona 

t ape r  and s i t  there and perhaps go i n t o  overcharge for the 

iemainder of t h e  o r b i t .  

After 1636 continuous cyc les  we ran  a capaci ty  

check, and t h i s  was conducted a t  a 6-amp rate. And, as you 

see, we have observed a f a i r l y  low discharge voltage. And 

what I have indica ted  here is a group of f ive  cells. We have 

two test  cells showing t h e  spread across  f i v e  cells. And i t ' s  

i n t e r e s t i n g  to note t h a t  t h i s  i s  approximately 24 ampere 

hours. This is a t i m e  scale; but i f  you div ide  t h e  t i m e  

scale by 10 you a c t u a l l y  read ampere hours as w e l l  as minutes. 

W e  subsequently recharged the cells by allowing 

them t o  cycle  back up, again addressing ourse lves  as close 

a s  poss ib le  t o  t h e  s i t u a t i o n  t h a t  t h e  spasecra f t  would be in .  

A f t e r  recycl ing,  under t he  same s e t  of condi t ions,  

28 cycles since the discharge of 1, we ran the b a t t e r y  back 

down, which is incZcated by the  dots, t o  a s se s s  t h e  effect on 

the  discharge vol tage of chat  complete discharge of those  

c e l l s .  As was repor ted  in previous l i t e r a t u r e ,  and as is 

c5vious here, t h e r e  was a significant improvement i n  the 

discharge voltage.  
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However, if you start looking at what's happening 

in the lower voltage range of cells, you see you paid a 

slight sacrifice in ampere hour capacity, 

Now I point this out because that's what I ' m  

going to conclude ny presentation on, Because really what you 

see here is a difference in ampere hour capacity, But do 

you see a difference in the watt hour capacity? 

After zunning it dowr. the first time, 28 cycles, 

we wenat: 110 continuous cycles, And then we ran another dis- 

charge to assess the effect of the additional 110 cycles; 

which, by this time, we were up to 3211 cycles total. 

As you see, the discharge profile has begun to 

drop down slightly, and a s l i g h t  decrease in capacity1 but 

within the accuracy of determining capacity on cells and 

packs from cycle to cycle, it's apprmcimately the same, 

We allowed the cells to continue on cycling, And 

then we said, "Well that's what happens when you run a 

constant current discharge," But that" not what we can do 

in a spacecraft, 

What happens when you get into what they call a 

negative energy balance on the spacecraft? You cannot re- 

charge the battery afcer each orbit, and on a period of 

several orbits you will run down in battery capacity to* some 

low state of charge, 

"Does this in fact enhance the subsequent discharge 



So we s e t  up t h e  t e s t  where we  p l o t t e d  t h i s  

i n  t i m e ,  or r e a l l y  i n  ampere hours. We allowed the b a t t e r y  

t o  discharge by j u s t  reducinq the ava i l ab l e  charge cur ren t ,  

s imi l a r  t o  what would happen i n  a spacecra f t  when they got 

i n t o  unfavorable angles on the array.  

An6,as you see, on a cycle-by-cycle basis we 

began t o  run down. I po in t  o u t  t h a t  we accumulated approxi- 

mately 1000 cycles  before we made t h i s  run-dot-m. T h i s  was 

1000 cyc les  since t h e  previous discharge of curve 3. 

We then allowed t h e  b a t t e r y  t o  recharge up. And 

then we said, "Well what have we done t o  the ba t t e ry?  What 

did t h i s  discharge do t o  us?" - 
(Sl ide 105.) 

I have on t h i s  graph shown (1) t h e  initial curve 

I disccssed i n  the f i r s t  graph, a f t e r  1636 cycles ,  showing 

the degredation i n  discharge voitage. f have superimposed 

on t h a t  t h e  rundown on a cyc:Lic b a s i s ,  showing how t h e  

battery discharge vol tage  -- how t h e  pack discharge vol tage  

w a s  i n  f a c t  decreasing. 

So a f t e r  we g o t  this point , '  recharged, we went 

back a f t e r  15 cycles ,  allowing t h e  b a t t e r y  t o  come up t o  

f u l l  capacity. We then d i d  a cons tant  current :Ischarge. 

And the most significant fact t h a t  you could 

observe hare is  t h a t  u n t i l  you approach tho  c a p c i t y  a t  which 
,f 
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you removed on the  previous discharge you do i n  f a c t  enhance 

t h e  discharge voltage.  ~ u t  a s  soon as you pass through t h a t  

approximate po in t  t h a t  you have dischargedthe ba t t e ry ,  the 

depth t o  which you have taken the  b a t t e r y  previously,  you are 

i n  f a c t  down a t  the  same vol tage  you would have had you 

continued t h a t  e a r l i e r  discharge down. 

(Sl ide 106 . )  

So w e  do t h a t  on ground t e s t i n g ,  What happens 

i n  real l i f e ?  

What I have attempted t o  shw here, t ak ing  the  

OAO A-2 f l i g h t  data, with  t h e  inpu ts  of b k .  Hatry Warjgfcrsi 

who works i n  tho  con t ro l  center; which cont r ibuted  s i g n i f i c a n t  

l y  t o  t h i s  graph; I have p lo t t ed ,  o r  made an at tempt  t o  plot 

tho battery discharge vol tage  and compare i t ' w i t h  cell test 

data on the apare cells a f t o r  1636 cycles, which is t h e  data 

we j u s t  reviewed. 

Now you have to take i n t o  cons idera t ion  here 

our accuracy from the f l i g h t  te lemetry datp. +snit ar.ywht:.- 

near what we% doing on ground. So even though we have 

ampere hour i n t e g r a t o r s  in t h e  spacecra f t  on each battery. ,  

when you only have 1 0  minutes ou t  of 100 minute8 t o  be i n  

contac t  with the spacecraf t ,  you're never q u i t e  su re  where 

you a r e  a t  any given t i m e .  

So these  could be an e r r o r  of a t  least a ha l f  an 

ampere hour i n  any one of  these po in t s  shown here. 



But what I d id  show here i a  the fact t h a t  a f t e r  

t h e  f l i g h t  da t a ,  a f t e r  5625 cycles ,  or o r b i t s ,  we are indeed 

r e t r ac ing  a s i m i l a t  curve. You begin to  no t ice ,  and, i f  you 

care t o  ex t r apo la t e  battery data, you would p red i c t  t h a t  

this d a t a  would begin t o  f a l l  down )elow t h i s ,  

Wow you might no t i ce  that t h i e  8cale g r e a t l y  

expanded from t h e  previous scale, because on the  cell dis- 

charge da t a  we never see t he  low plateau.  And in the opera- 

t i o n  of the b a t t e r y  i n  the ,pacecraft, the eystem was ao 

designed such t h a t  they could mt t o l e r a t e  asbuss voltage 

t o  opera te  on the lwar plateau,  

That ' s  the poin t  I ' m  making today: design your 

system t o  opera te  wi th in  t h e  c a p a b i l i t i e s  of the b a t t e r i e s  

t h a t  we're using today, 

So you see t h a t  I a l s o  have f l i g h t  d ~ t a  for 

O r b i t  11,176. Now there8= sanething i n t a r e s t i n g  that cbrnes 

out  of a l l  t h i s  when you begin t o  look a t  many, many o r b i t s  

of data .  Every t ime.you. run  a deep discharge you do, i n  

fact, erase some of the previous h i s to ry .  You only erase it 

t o  t h e  poin t  a t  which you run khat discharge. 

We begin t o  look a t  l i t t l e  b i t  f u r t h e r  at this 

i n  l a t e r  tests, and we begii; t o  say "Well, when we look a t  

the double plateau,  hotr is t h a t  c h a n g i : ~  with cyc le  l i f e ? "  

So we se t  up a test  o n  aome nubsequent cells, this i s  f l i g h t  

cells from b a t t e r i e s  numbers 3~ and 33, which Joe  mentioned 
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earlier, We tried t o  evaluate  what is happening a t  the 

i n f l e c t i o n  po in t .  --and by ' in f l ec t ion  po in tn  f have, f o r  

reasons unknown t o  no a t  t h i s  point ,  i d e n t i f i e d  115 v o l t s  

as a convenient f a c t o r  of determining whsn I am i n  the 

t r a n s i t i o n  period from t h e  uppex t o  t h e  lower pla teau ,  

Now what I have shown here  i s  four  cello, A l l  

cells had received 5717 cycles at t h i s  po in t ,  Cells 4 and 5 

had been discharged conpletely a t  2565 cycles.  They had a l l  

been operated i n  a a e r i e s  s t r i n g ,  or i n  the s a m  t e s k  pack, 

same ter~t condit ion,  So, i n  e f f e c t ,  we have 5700 total 

cycles  on a l l  t h e  cells8 cells 4 and 5 had been discharged 

completely down t o  .5 v o l t  -- which is  my d e f i n i t i o n  of 

"con~pletelyn i n  this case; and supposedly we had erased the  

e f f e c t  of the previous cycling.  

So then we begin t o  look. Okay: cell  2 certainly 
I 

has a lower discharge vol tage,  and it's a lower plateau. 

And then we f i nd  C e l l  3 'and C e l l 4  and C e l l  5. .!is luck would 

have it, C e l l  3 d id  happen t o  fall p r e t t y  c lo se  t o  011s 4 

a n d  5, 

What X have surmised from t h i s  is t h a t  the 

degredation as a funct ion of cycle  life is one t h a t  is 

pwobably asymptotic. Th i s  lower 'p la teau  approaches your 

depth o f ' d i s cha rge  aayrnptotically; being a t  a faster rate 

i n  e a r l y  l i f e  than i t  is in l a t e r  l i f e ,  In other words, as 

you approach the depth c' 3iec~arge the plateau moves in on 
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you a t  a much lower r a t e ,  

I'm aim y o ~ ' r e  sittin3 tbare and saying, 'Well 

that 's  a bunch of bull..? 

What I would lika to address myself to at t h i s  

time is, let's look at t he  cell as an energy storage device,  

not as an ampere hour storage device,  And I'm not so sure 

t h i s  'can be read from the back of t he  room; b u t  when we 

begin to Loo]: ak the cell as an energy s to rage  device it 

becomes q u i t e  i n t e r e s t i n g ,  Because what you're f inding o u t  

is t h a t  you are gett ing a degradation i n  t h e  watt-hour storage 

c a p a b i l i t y  with life. 

\?hat I have p l o t t e d  here  is the  discharge vol tage  

of a cell early in life ver&us t h e  wa t t  hours f o r  that 

pack, or a t  least t h e  wat t  hours per cell,  in this case. 

And f o r  those who can't read this, t h i s  is 20, 40, 6 0 1  80, 

100, 120, 140 watt hours, And t h i s  i s  c a l l  voltage, 1.3', 

1.2 and 1.1. The dot ted  line represen t s  t h e  depth of dis- 

charge i n  ampere hours, which is  15 percent, 

The percent  capaci ty  obtained on discharge is 

after 2345 cycles, So what w e  find here is t h a t ,  while we 

have a degredation i n  t h e  discharge vol tage  p la teau ,  the 

watt hours t o  1 vol t  is essentially t h e  same. The ampere 

hours is not, 

In order to maintain t he  watt hours the same it's 

obvious you're t a lk ing  about a delta  difference in the area of 
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t h i s  curve. I n  order  f o r  the watt  hours of this curve, of 

t h i s  discharge, t o  be t h e  same as t h e  watt  hours for the 

othe t s ,  the  ampere hour capaclby has t o  be s l i g h t l y  greater. 

Okay. I ' v e  only showed you data f o r  a few 

thousand cycles. In order t o  support this type of thinking, 

we i n i t i a t e d  a test  a t  Crane a l i t t l e  over t w o  years ago. 

And as you know, as you're all probably familiar with, most 

of t h e  Crane t e s t s  a r e  discharged every eighty-eight days. 

So we decided we '.had- better take a look and see what happens 

a f t e r  two years without a discharge. Le t ' s - jus t  cycle t h e  

b a t t e r y  for. two years. 
' (Slide 107.) 

And what I have p lo t t ed  here is t h e  wat t  hours 

at t'trra various points, the test conditions that we took on 

those cells. T h i s  i s  the  .average wi,;+:i hours per cell  of 

a f ive-ce l l  pack. 

The uppat curve is t h e  &cycling data ,  run 

prior to  cycl ing a t  the 1.8 ampere hour r a t e ,  which happens 

to he the rate to get a 15 percent ckpth of discharge on a 

9 0-minute o rb i t .  

After  approximately 11,700 cycles  you see that youa 

discharge vol tage is down. And something very impressive 

here i s  the f a c t  that-- Fa r ' t hose  of you i n  the back who 

can't see, this 5s 1 v o l t ,  1.1. The plateau i n  here i s  

about 106 v o l t s  per cell. There's no t  a spacecraf t  f l y i n g  

today t h a t  can use Chat t y p e  of vol tage on the unregulated 
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buss. 

A f t e r  the first discharge following the two- 

year cycling we rechargod at the cycling rate, and.ran a 

subsequent discharge. 

You see you have'in fact significantly improved 

the discharge voltage, But you did not improve the watt 

hour storage capability of t h a t  cell. My contention is that 

it has degraded, and that it's a rear, irreversible degrada- 

tion at any. point in life, 

So what thia sums up is that, while the watt hour 

capacity, or watt hour storage capability of a cell does 

degrade with life, the watt hours stored 'in that cell at 

any particular point in life is essentially the same, You 

can get it out at a lower voltaye, a slightly higher capacity 

or you can get it out at a higher voltage or a lower ampere 
/ 

hour capacity. 

From a system viewpoint, the spacecraft dedgners 

don't like that  lower curve, 

What's the alternative? 

The alternative is a recondition in space, That, 

in my estimation, is a gamble, a very wide gamble, Because 

when you look at the individual cell voltage data that generatc 

bese curves, we find out that on this discharge, as we went 

around the knee -- which is approximately 1 volt -- we had 

very uniform cell voltages, They all came down very close. 
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We recharge, and on subsequent discharge we had over -- we 

had one cell t o  f a i l  the  pack when t h e  o the r  cells were 

above 1 v o l t ,  

Es sen t i a l l y  what happened, t h e  cell vol tage  

divergence, near the end of di~ckarge, increased on the l a a t  

capaci ty  check. 

These cells have completed two years ,  They were 

subsequently put back on cycling f o r  another two years, 

What-wetre i n t e r e s t e d  i n  genera t ingessen t ia l ly  is, what i s  

happening to  this t,vpe of data over a Song period of tima. 

I have other vu-graphs i n  o ther  areas, b u t  I would 

l i k e  t o  stop. It's g e t t i n g  late, I would like t o  open it 

for questions, And i f  anyone would l i k e  t o  go f u r t h e r  i n t o  

this we w i l l  do so. But I wouldn't want to  keep you here  

against youl: w i l l ,  

Jim? 

DUNLOP: Jim Dunlop from Comsat. 

I l i k e d  t h e  presenta t ion  that you made, for a 

number of reasons, Floyd; one of them-being t h a t  we have 

observed with cycling certainly a similar problem'to t h e  one 

that you're t a l k i n g  about, i n  that w e  do observe a voltage 

degradation. 

Tha problem seems to be t h a t .  you can recondit ion:  

we do that p r e t t y  regular ly ;  bu t  the e f f e c t  of recondit ioning 

is  a temporary one. And the more you cycle, the more 
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you cycle the more temporary the effect of teconditioning 

becomes. 

So that it's really not an answer. a complete 

answer, paxticularly when you're running a synchronous 

satellite application when you may not have the capability 

of reconditioning in t!!e middle of the eclipse season when 

you meed the, most power. 

I would like to say just one thing in general. 

We locked at your argument pretty carefully. too. 

And we decided that, based on it. what 'we would say is the 

way to use a battery is to use a regulator with it, which is 

a constant power device. This is from a system point of 

view. That means a boost regulator, in essence; use a boost 

regulator w i t h  the battery, and this gives you. a constant 

power device so that you donet limit yourself to a voltage 

or an ampere hour number, what limi.ting yourself is , 

to whatever energy you can take out of that cell, 

FORD: Yes, Jim, I agree, We feel that recondition 

ing is at the most a temporary effect, and that it is somethin 

that you run a terrific risk in space when you do this. There 

is certain data available to suggest that  the older cells get 

the more prone they are to show it on these deep discharges, 

And when I say "deep discharges," all the way down. 

This, again, has other risk factors involved. 

TIIONAS t Charlie Thomas, Chrysler , 



Floyd, you described a Crane test during which 

you allowed d e l i b e r a t e  rundown of the s t a t e d  charge. T h i s  

is basically the same as t h i s ,  o r  very similar to t h i s  PPC 

charging method t h a t  we came up with. 

The resul t s*at  we have seen -- of coGrse these  

are preliminary,  and I don ' t  wantto go t o o  far i n  d iscuss ing  

them a t  this, point. But our r e s u l t s ,  test r e s u l t ,  s o  far 

p r e t t y  well bear ou t  what you have seenl t h a t  you do, by 

l e t t i n g  the stated charge vary -- t h e  stated charge over 

which you operate ,  vary -- you do get hprovement i n  the 

voltage chazactaristics. The b a s i c a l l y  the g r e a t e s t  improve- 

ment -- l e t ' s  put  it t h i s  way -- is in t he  range t h a t  you 

let the s t a t e d  charge vary over, When you get outs ide  of t h a t  

range it appears that  you.don' t .have any inprovement, or less 

improvement: le t ' s  put  it t h a t  way. 
' . 

FORD: Yes, 

For the benefit  of those people s i t t i n g  herel we 

learned t o  l i v e  with t h i s .  We'd l i k e  t o  know t h a t  we don ' t  

have to l ive with it, because it does impose some add i t i ona l  

restrictions from a design viewpoint, t o  deaign your dis-  

charge regulator t o  operate over a wider inpu t  voltage range 

throughout the life, 

I would l i k e  t o  make one comment, I ' m  not  sure 

Gerry io going t o  go i n t o  t h i s  tomorrow; b u t  on the one type 

t h a t  I showed, vrhich was OAO Pack 3 ,  that had completed 
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approximately 6600 cyc les ,  one cell i s  t h a t  pack has  never 

been discharged, and we are, through the cooperation of 

Gerry Malper t9s  group, the Materials Sect ion,  making an 

at tempt  to analyze ,dime cells, And I w i l l  no t  go i n t o  the 

detai ls  of what the ana ly s i s  w i l l  be; b u t  t h e  ob j ec t i ve  i s  

t o  t r y  to  i d e n t i f y  what i s  the ,rnschanise t h a t  is causing th i s .  

Is it t h e  negat ive e lec t rode?  Is it the p o s i t i v e  electrode? 

I have my own f e e l i n g s  &out t h a t ,  b u t  I w i l l  not 

present  them here, 

Any mare quest ions? 

Dean? 

MAURER: Maurer, Bell Laborator ies ,  

Might I suggest t h a t  you use the old t r i c k  of 

t he  lead ac id  p l a n t s  i n  the telephone c e n t r a l  o f f i c e s  and 

use so-called uNm. cells and just switch i n  a few extra 
\ 

cells near the end of your d ischarge  when t h e  vo l t age  drops 

t o o  far, 

FORD: A g r e a t  idea, Convince t h e  spacec ra f t  

manager to  do that  and you've overcome one of our problems, 

(Laughter 

Are t h e r e  o t h e r  ques t ions?  

KRAUSE t Krause , ' JPL. . 

We've been running Mariner 71  batteries and cells  

i n  t h e  lab for a couple of years now. And, of course,  our  

c y c l i a  requitements are considerably less for t h a t  type of 
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mission than you have for an earth orbital mission. But 

we've been running some cells at depth of discharge above 

50 percent at around l S ° C .  and some at 94 percent of their 

rated 20-amp-hour capacity at that same temperature. And 

we% got about 250 cycle8 on the 94 perceht rel'l8, and s i x  

or seven hundred cycles on the one slightly over 50 percent. 

.We don't see at those depths of discharge and a,t 

15°C. temperature, we G c ~ ~ t  see any real significant drop in 

the end of discharge voltages, nor have we seen any significant 

changes in the end of  charge voltages w s t h  those cycle 

numbers and at that depth of discharge. 

One night conjecture that the deeper depths of 

discharge may act as a self-reconditioning thing, up to a 

point. 

As I say, we do run higher depths of discharge 

than most of the earth orbital satellhtes. but our lifetime 

requirements are comiderably shorter. 

X dodt know what theefiect of these deep depths 

of discharge will ho eventually if we get above 1000 cycled. 

Obviously it will -- or probably it will foreshorten the .overm 
all life. 

But we don't seen to see this double plateau, nor 

do we see any real significant fall off An voltage over many 

hundreds o f  cycles without reconditioning. 
' .  

FORDS What cycle regime are you running these in? 
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You mentioned 90 percent. But ivhat tine.? 

THOtfASt We're running a 12-hour o r b i t  on the 

ones a t  around 50 percent,  and the  33-hour orbit on tho  ones 

a t  94 percent,  So, again, Ithink we'xe s t r e s s i n g  t h e  cells 

considerably less. We're charging a t  f a i r l y  low rates, l i k e  

C/10 , 

.FORDS The only comment I would l i k e  t o  make t o  

t h a t ,  Stan, is t h a t  there is a po in t  in depth of discharge -- 
i n  f a c t  maybe depth of discharge is t h e  wrong number; maybe 

we should be t a l k i n g  about cur ren t  densi ty .   hie is something 

I think we've got ten  a handle on t h a t  we've &ad as a crib, 

r e a l l y ,  a l l  our lives, or ever  e ince  we've wo3ked with bat- 

teries, But maybe we 're not  using t h e  r i g h t  numbers, 

I am d e f i n i t e l y  convinced i n  the area of capaci ty ,  

capaci ty  degradation, ampere hours i s n ' t  t h e  r i g h t  number. 
\ 

Watt hours is what w e  have t o  be looking a t ,  

Nwut you t a l k  about depth of discharge i n  t h e  

range of 60 t o  30 percent,  I f  you look a t  the  Crane t e s t  

data on synchronous o r b i t  t h e r e  are some very su rp r i s ing  

th ings  t h a t  come ou t  of that data. By the simple fact than  

when you run cells on a synchronous orbit a t  high depths and 

low temperature, you a lmos t . invar iab ly  see a tremendous in-  

crease i n  cell  capaci ty  i n  the first year and a ha l f .  For 

exampde, soma G,E. 12-ampore-hour cells rated, they del ivered  

15. ampere. hours a t  the cycl ing  rate before they started t h e  
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real  tine eclipse, I n  three eclipses these  cells were up t o  

1 9  ampere hours, 

Naw som people look a t  that d a t a  and say that's 

good, 1 look a t  t h a t  d a t a  and say t h a t ' s  bad, Decause I 

don' t  l i k e  it, I 'd  r a t h e r  seen it go tho o the r  way, no t  

by t h e  same percent. 

But when I see t h e  pos i t i ve  p l a t e  capaci ty  increas-  

ing, I start wondering what's happening t o  the negat ive 

late. If f knew i t  was mcrcas ing  by the sane percentage, 

t h a t ' s  good, But we don't b.ave any data t h a t  says t h a t ' s  

happening; i n  f a c t ,  i t ' s  contrary,  

THOMAS: That 's  a good po in t ,  

One f u r t h e r  comen t  is t h a t  our power system on 

a l l  of our JBL spacecraf t  use a cons tant  powor system w i t h  

a boost r egu la to r ,  So our syntem can opera te  with tk: 
\ 

Mariner 71 down t o  1 vo l t  pe r  cell. I f  we have to, we could 

operate on that lower plateau,  But we haven't  had t o  yet .  

We haven't seen it,. 

FORDt Well, we're with you there. A 1 1  our  new 

systems w i l l  be able t o  o p e r t e  down to  1 v o l t  per cell, 

I be l ieve  Jim had a comment, But, Jim, could 

Dr, Shair  coment ,  please?' 

SHAIR: Bob Shai r ,  Motorola, 

Ifhen you say the capac i ty  went up i n  t h i s  po la r  

oxb i t  -- o r  I presume it was the 22-hour orbit ,  the 2;-hour 
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o r b i t ,  was not t h e  cell s i t t i n g  on overcharge for a long 

time in between i ts  deep dischargesj  which we have eome 

indica t ion  does increase  the capacity. 

FORD: Yes. Your s t a t e k t  is cor rec t .  These 

cells are on a 2-eclipse season per year,  ' which is appxoxi- 

mately 42 days. But t o  c o n t r a s t  t h a t  d a t a  you look a t  the 

o the r  packs 'at different clepths,and a t  different temperatures 

and the 'same. -depth. ' ' You .;don'.tl.see :the same percentage 

i--crease. 

The inc rease  i n  ampeke hour ' capac i ty  i s  most 

predarninant-at the deep depth and at  the cold temperatures, 

l ike O°C. 

Jim? 

DUNLOP: Sin Dunlop, Comsat. 

I would like to  make a comment again on our 

r e su l t s .  And they don't agree with yours.completely, Floyd. 

W e  have never seen a loss i n  ampere hour c a p a c i t y , .  

period, i n  a l l  of our cycling.  We have seen a s l i g h t  inc rease  

And we a t t r i b c t a  that increase i n  ampere hour capacity- 

Unfortunately1 t i i n k  one of t h e  problems with the kind of 

th ing  we're discuss ing  r i g h t  now is, you're t a l k i n g  about 

one cyclic regime, I ' m  t a lk ing  about another c y c l i c  regime, 

Bob Shair  iz t a lk ing  about another c y c l i c  regime, t h e  people 

a t  JPL are t a lk ing  about another c y c l i c  regime, And to 

make pompletely general conclusions based on any s e t  06 t e s t  
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of da t a  on the 25 percent  depth. And it d e f i n i t e l y  proves tha, 
* 

the degradation i n  ampere bows and wat t  hours is r e l a t e d  t o  

depth of discharge. 

This is nothing new, We've always expected t h a t , .  

or' known it, i n  f ac t .  

What I attempted t o  show here is t o  show with a 

spread-oE . f i v e  cells for the pack a t  25 pe rcen t  depth a t  

the  1 v o l t  point ,  t h e  h a l f  v o l t  point .  And here i s  100 per- 

cent, which is '6-ampere-hour calla here. These cells, w e  

knew, d e l i v e r  approximately 112 percent  of r a t e d  cells, so 

i n  these cells w i l l  d e l i v e r  capaci ty  here. 

Now i f  you look at the capaci ty  t o  1 v o l t  you 

f f .n.Z out .that +hey .have indeed Lost capacity.  

And one point ,I would l i k e  t o  make here  t h a t  I 

don ' t  th ink  we can pass o f f  t o o  l i g h t l y :  when comparing 

cells a t  a cycle  a t  15 percent  depth o f  discharge with those 

a t  25 percent  depth of discharge you f i n d  a l a r g e r  percentage 

of your capaci ty  below 1 v o l t  and even below a ha l f  v o l t  a t  

25 percent  than you do a t  15 percent. 

I can ' t  separate t h i s  type of d a t a  from t h e  over- 

a l l  observation of t h i s  degradation i n  discharge vol tage  

above 1 vo l t .  It 's a l l  t i e d  together .  

Again, it r e l a t e s  back t o  the cell is  t r u l y  an 

energy s t o r a g e  device,.  so you havc t o  remove a l l  t h e  energy 

t o  f i nd  out what t he  degradation is. When we discharge a 
, 
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ce l l  to 1 volt we don't remove all the energy. 

(Slide off) 

Bob Stainhauer. 

STEINIUiUER t Bob Steinhauer , Hughes. 
With regard to the higher depths of discharge, 

60 percent and on deeper, at least in the 60 to 70 percent, 

I think if you're really looking for the double plateau 

keep cycling, 

Second, I don't know what's going to happen at the 

very high depths. The rate of onset seems to be slower, but 

it does occur. 

We do, incidentally, have satellites flying that 

do boost,regulate on discharge. And this does seen to be an 
, . 

approach that would work. But I think we sti~ll should find 

out the mechanism of this double plateau, 

FORD : Jim? 

DUNLOPI One comment with respect to what he jus t  

said. 

He said we ought to find out the mechanism. And I 

agree. And I want to make a little pitch right now. 

I thj.nk if you want to find out what is going on in 

these cells, and you base everything you see just on your 

electrochemical measurements, that you get half the story. 

Last year Wright-Patterson, through some of the . 
efforts with Dr. Fleireher, Comeat, Goddard, have been doing 
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a l o t  of work t o  t r y  and add t o  t h e i r  body of data a complete 

ana ly s i s  of that cell, And I mean a complete a n a l y s i s  of 

t h e  state of charge of  t h e  material- If youl ro  t a l k i n g  

about a loss in ampere hour capac i ty  i n  a p o s i t i v e  or a 

negat ive  p l a t e  you should know, i f  you're going t o  complete 

your s t o r y  you should know whether you're t a l k i n g  about a 

l o s s  i n  ampere hour capac i ty  because you've g o t  charged 

material you c a n ' t  d ischarge,  you've go t  discharged material 

you c a n ' t  chargs, you're changing t h e  u t i l i z a t i o n ,  you've 

go t  h i ~ h e r  valence states . tha t  you c a n ' t  d ischarge,  or some- 

t h i n g  else :. but  j u s t  t o  make t he se  kindsof s ta tements ,  and 

unfor tuna te ly  -- and conclusfons based only on these electro- 
. . .  . . 

chemical measurements, sometimes tends t o  confuse more than  

answer ques t ions ,  

I th ink  what everybody would l i k e  t o  see is 

some good answers, And I th ink  t h a t  many people, inc luding  

Goddard, have been working very hard i n  the  last couple of 

years  t o  t r y  and f i n d ' o u t  these answers through more detailed 

ana ly s i s  of t h a t  cell. 

FORD: I agree,  Jird. Thad: you. 

D o  w e  have any other ques t ions  be fo re  we adjourn 

a t '  f i v e  minutes till six? 

\vetre making it by s i x ,  

I 'd like thank you for coming. And I 

be l i eve  the meeting w i l l  re-adjourn i n  t h e  morning a t  n ine  
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o'clock, in the same roam, but with different people, 

Okay, Thank you, 

('Whereupon, a t  5:55 p.m., themeating was 

adjourned,) 
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